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SUMMARY 


ARINC  Research  Corporation  is  under  contract  to  the  Federal  Aviation 
Administration  (Contract  DOT-FA76WA-3780)  to  assist  in  the  development  and 
evaluation  of  technical  and  cost  factors  that  will  affect  the  FAA  policy 
regarding  the  Collision  Avoidance  System  (CAS)  as  a national  standard.  One 
effort  under  this  contract  was  an  investigation  into  the  technical  feasi- 
bility of  utilizing  the  VHF  data  link  as  a means  of  transmitting  Intermit- 
tent Positive  Control  (IPC)  commands  to  aircraft  and  the  development  of  the 
cost  of  the  avionics  rec[uired  by  such  a system. 

The  IPC  capability  was  developed  in  conjunction  with  the  Discrete 
Address  Beacon  System  (DABS);  however,  the  IPC  concept  can  be  implemented 
on  other  data  links  meeting  minimum  requirements. 

This  report  was  prepared  in  response  to  the  Department  of  Transporta- 
tion's review  of  Upgraded  Third  Generation  Air  Traffic  Control  System 
Developments  and  is  not  intended  to  advocate  IPC  implementation  by  means 
of  a VHF  data  link.  Rather,  it  provides  data  for  use  in  assessing  the 
merits  of  this  approach. 

Three  potential  IPC  data  link  concepts  were  identified:  a dedicated 
VHF  data  link  for  IPC  traffic  only,  a combined  corui any  communications  and 
IPC  VHF  data  link  patterned  after  the  airline  industry  ACARS  data  link,  and 
a combined  FAA  ATC  tactical  and  IPC  VHF  data  link.  However,  the  latter  was 
considered  impractical  for  implementation  in  the  near  future  and  was  not 
evaluated  in  detail  (only  a theoretical  capacity  analysis  appears  in  Appendix 
A to  the  report) . The  other  two  concepts  were  evaluated  for  throughput 
capacity  as  a function  of  various  traffic  densities  and  percentages  of  IPC 
implementation.  Traffic  densities  were  developed  with  the  aid  of  the  1982 
Los  Angeles  Basin  Standard  Traffic  Model,  considered  representative  of  a 
dense  environment  during  the  deployment  and  implementation  of  IPC.  Three 
implementation  strategies  were  defined  from  these  two  concepts  (i.e.,  all 
aircraft  using  Concept  1,  all  aircraft  using  Concept  2,  and  a hybrid  in 
which  general  aviation  aircraft  use  Concept  1 and  air  carriers  use  Concept 
2)  and  evaluated  in  detail  to  demonstrate  the  technical  feasibility  of 
VHF  IPC  data  links. 
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The  dedicated  VHF  data  link  wan  examined  for  various  modes  of  channel 
management,  with  varying  data  rates  and  equipment  characteristics,  to  eval- 
uate the  effect  on  system  performance  of  a system  constrained  by  existing 
avionics  performance  parameters  and  by  new  avionics  manufactured  according 
to  existing  technology.  It  was  found  that  all  dedicated  VHF  data  link 
performance  options  considered  in  this  report  could  transmit  IPC  separation 
assurance  commands  to  aircraft  populations  defined  by  the  1982  Los  Angeles 
Basin  Model. 

The  concept  of  implementing  IPC  using  the  ACARS  data  link  was  similarly 
evaluated,  considering  parcuneters  similar  to  those  of  the  dedicated  VKF  data 
link  but  assuming  that  only  the  commercial  air  carriers  and  selected  high- 
performance  general  aviation  aircraft  would  have  the  full-capability  ACARS 
system.  Under  this  implementation  strategy  the  majority  of  general  aviation 
aircraft  would  require  a newly  designed  mini-ACARS  terminal  to  receive  IPC 
commands.  When  the  IPC  communications  were  combined  with  the  expected  heavy 
volume  of  company  communications  on  the  ACARS  data  link,  it  was  concluded 
that  ACARS  can  handle  only  a low  initial  implementation  load,  e.g. , 45  per- 
cent of  the  1982  Los  Angeles  Basin  traffic. 

The  hybrid  IPC  implementation  strategy  was  found  to  be  able  to  handle 
1982  Los  Angeles  Basin  Model  IPC  communications.  The  ACARS  system  could 
easily  handle  the  additional  IPC  communications  to  the  commercial  air  carrier 
aircraft,  and  the  dedicated  IPC  system  could  easily  handle  the  IPC  communi- 
cations load  to  the  remaining  aircraft.  However,  the  procedural  problems  of 
implementing  a hybrid  system  were  not  addressed,  and  these  could  be  significant. 

The  IPC  avionics  required  to  support  the  options  of  a dedicated  VHF 
data  link  and  the  ACARS  data  link  were  developed  and  cost-estimated  under 
the  assumption  of  large  production  quantities.  Table  S-1  presents  the  per- 
aircraft  cost  of  equipment  acquisition  for  a single  system  for  four  versions 
of  a dedicated  VHF  data  link.  The  costs  reflect  the  expected  selling  price 
of  avionics  to  the  three  communities  of  interest;  the  air  carriers,  high- 
performance  general  aviation,  and  low-performance  general  aviation.  Table 
S-2  presents  similar  avionics  cost  data  for  IPC  using  the  ACARS  data  link. 

While  the  primary  concern  was  the  evaluation  of  VHF  data  links  that 
could  handle  near-term  peak  traffic  levels,  the  ability  of  the  various  con- 
cepts to  handle  long-term  traffic  levels  was  also  examined  in  the  light  ot 
data  from  the  1995  Los  Angeles  Basin  Model.  The  results  of  the  analyses  show 
that,  for  long-term  implementation,  the  capacity  to  handle  the  IPC  communica- 
tions requirements  through  the  1990s  could  be  provided  by  either  a multi- 
channel (4-channel  uplink)  dedicated  VHF  data  link  with  altitude  discrimina- 
tion or  a hybrid  version  of  the  ACARS  data' link "(al^  carriers  using  ACARS 
and  general  aviation  aircraft  using  dedicated  VHF  data  link) . 


Table  S-1 . COST  SUMMARY  FOR  DEDICATED  VHF  DATA  LINK 


Configuration  Option  Costs 

(Dollars  per  Aircraft) 

Equipment 

Single-Channel 

Single-Channel 

Four-Channel 

Four-Channel 

Uplink  Only 

Duplex 

Uplink  Only 

Duplex 

Air  Carrier  and  Selected  Military  Aircraft 


Avionics  Unit 
IPC  Display 
Antenna* 


Total 


Avionics  Unit 
IPC  Display 
Antenna* 


2885 


High-Perfomance  General  Aviation 


3 

480 


3762 


Low-Performance  General  Aviation 


Avionics  Unit 
Antenna* 

722 

16 

Total 

738 

1047 


*Data  from  manufacturers'  published  price  lists, 


Table  S-2 . COST  SUMflARY 

FOR  IPC  USING  ACARS 

Equipment 

Avionics  Cost  per 
Aircraft  (Dollars) 

Air  Carrier  and  Selectee 

i Military  Aircraft 

Signal  Processor 
IPC  Display 


High-Performance  General  Aviation 


Signal  Processor 
IPC  Display 


Total 

1568 

Low-Performance  General  Aviation 

1 Mini-ACARS  with  Displ;iy 

i 

593 
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CHAPTER  ONE 


INTRODUCTION 


1 . 1 BACKGROUND 

The  Federal  Aviation  Administration  (FAA)  is  aware  of  the  direct  cor- 
relation between  the  growing  aircraft  population,  and  the  ever-increasing 
difficulty  in  providing  separation  assurance  and  collision  avoidance  through 
the  current  ATC  system.  Efforts  to  develop  an  improved  national  standard 
to  provide  separation  assurance  have  resulted  in  the  investigation  of  both 
air-derived  and  ground-derived  collision  avoidance  concepts.  Programs  such 
as  the  Beacon-Based  Collision  Avoidance  System  (BCAS) , the  Selective  Address 
Beacon  (SAB) , the  VHF  Data  Link,  and  the  Discrete  Address  Beacon  System  with 
Intermittent  Positive  Control  (DABS/IPC)  are  under  continued  exhaustive 
investigations  to  determine  the  involvement  of  each  in  future  ATC  plans 
and  operations . 

As  a result  of  the  above  concerns,  the  Office  of  System  Engineering 
Management  (OSEM)  of  the  FAA  has  engaged  ARINC  Research  Corporation  (Contract 
DOT  FA76WA-3788)  to  perform  a series  of  investigations  and  to  provide  sep- 
arate reports  on  the  findings  associated  with  each  of  these  investigations. 
This  contract  directs  ARINC  Research  Corporation  to  analyze  and  develop  the 
technical , operational , and  economic  feasibility  of  implementing  certain 
surveillance  and  separation  assurance  concepts  in  the  expected  aircraft 
population  of  the  1980s  and  beyond.  The  system  investigations  to  be  per- 
formed span  the  range  from  comprehensive,  long-term  solutions  to  partial, 
short-term  solutions  to  provide  improved  surveillance  and  collision  avoidance. 


1.2  CONTRACT  SCOPE  AND  OBJECTIVES 

The  overall  investigative  effort  involves  many  of  the  alternative 
ideas  for  upgrading  the  present  air  traffic  control  system  and  entails  the 
development  and  analysis  of  performance  and  cost  factors  in  the  following 
five  task  areas: 

Task  I - Avionic  Alternatives  for  Selected  ATC  System  Developments 

Task  II  - Selective  Address  Beacon  System 
Task  III  - VHF  Data  Link 
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Task  IV  - DABS/IPC  Impact  on  Air  Carriers 

Task  V - ARINC  Interfaces  with  FAA  Communications  Modernization 
Program 

This  report  documents  the  results  of  Task  III. 

1.3  PROJECT  OVERVIEW 

The  objective  of  Task  III  is  to  determine  the  technical,  economic,  and 
implementation  factors  of  a VHF  data  link  as  cui  interim,  near-term  method 
for  transmitting  collision  avoidance  commands  to  aircraft.  To  accomplish 
this  goal,  it  has  been  necessary  to  determine  the  operational  feasibility, 
evaluate  the  technical  feasibility,  and  develop  cost  estimates  for  the 
avionics  supporting  the  data  link.  Because  there  are  a number  of  VHF  data 
link  alternatives  available  for  consideration,  the  characteristics  of  three 
plausible  VHF  data  link  systems  were  examined  to  develop  the  data  on  which 
to  base  the  discussion  and  analysis  of  the  data  link  concept.  The  data 
link  systems  considered  are  a dedicated  IPC  VHF  data  link,  a combined  IPC/ 
ATC  VHF  data  link  (considered  because  of  the  existing  ATC  communications 
link) , and  an  IPC  service  using  a non-FAA  VHF  data  link  (considered  because 
of  the  ongoing  development  of  a well-defined  commercial  air  carrier  VHF 
data  link) . 

Table  1-1  summarizes  this  approach  by  identifying  the  major  tasks  and 
subtasks  used  to  derive  and  justify  the  conclusions  of  the  report  regarding 
the  operational  capability  and  cost  effectiveness  of  the  IPC  VHF  concept. 


1.4  ORGANIZATION  OF  THE  REPORT 

The  eight  chapters  of  this  report  address  each  of  the  tasks  and  subtasks 
of  Table  1-1. 

Chapter  Two  outlines  the  technical  approach  developed  by  ARINC  Research, 
provides  details  on  three  representative  communications  system  concepts  of 
cm  IPC  VHF  data  link,  and  discusses  the  potential  implementation  impact  on 
the  user  activities.  These  concepts  are  the  basis  for  the  analysis  in  this 
report . 

Chapter  Three  discusses  the  data  link  characteristics  of  the  communica- 
tion system  concepts.  Possible  message  formats  for  each  type  of  data  to  be 
treinsmitted  are  developed,  with  consideration  given  to  existing  ground  and 
avionic  equipment  characteristics.  The  equipment  characteristics  are  used 
in  the  analysis  of  the  communications  concepts  to  ensure  compatibility 
between  candidate  equipments  and  the  proposed  VHF  data  link  characteristics. 

Chapter  Four  details  traffic  density  and  message-arrival-rate  data  and 
presents  a mathematical  model  of  the  VHF  data  links  developed  to  allow  an 
analytical  determination  of  system  channel  capacity.  Results  of  the  model 
exercise  yield  channel  utilization,  mean  waiting  time,  and  mean  number  of 
messages  waiting  for  each  traffic  type  on  the  data  link. 
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Table  1-1.  MAJOR  TASKS  OF  VHF  DATA  LINK  STUDY 


Identification  of  Plausible  IPC  VHF  Data  Link  Scenarios 

• Identify  near-term  VHF  data  links  of  possible  use  to  IPC 

• Develop  plausible  data  link  configurations  worthy  of  further 
investigation 

Technical  Feasibility 

• Determine  technical  requirements  of  data  link 

• Determine  data  transfer  formats 

• Determine  types  of  data  to  be  transmitted 

• Develop  an  analytical  model  applicable  to  all  VHF  data  links 
being  considered 

• Exhibit  the  capacity  of  each  data  link  system  concept  through 
use  of  the  data  link  model 

Operational  Feasibility 

• Determine  the  level  of  avionic  modification  necessary 

• Excimine  initial  impact  of  IPC  on  ground  facility  operations 

• Examine  the  implementation  feasibility 

Economic  Evaluation 

• Develop  cost  of  IPC  displays 

• Estimate  cost  of  equipment  for  commercial  aviation  use 

• Estimate  cost  of  equipment  for  general  aviation  use 


The  impact  of  implementing  the  system  concepts  discussed  in  Chapter  Two 
is  examined  in  greater  detail  in  Chapter  Five.  Avionic  configurations  are 
presented  for  each  system  concept  and  aviation  class  as  appropriate.  Chapter 
Six  presents  cost  estimates  of  the  system  configurations  exhibited  in  Chapter 
Five,  while  Chapter  Seven  discusses  possible  data  link  implementation 
capcibility . 

Chapter  Eight  summarizes  the  results  of  the  investigation  and  presents 
specific  conclusions  derived  from  the  analysis  performed. 

Supporting  technical  details,  as  well  as  references,  are  presented 
in  the  appendixes. 
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CHAPTER  TWO 


KEY  FACTORS  IN  THE 
VHF  DATA  LINK  EVALUATIONS 


The  VHF  radio  navigation  band  used  to  support  aircraft  operations  is 
a candidate  means  for  introducing  IPC  on  the  air  traffic  control  communica- 
tions networks,  or  a new  network  dedicated  exclusively  to  separation 
assurance.  Each  of  these  network  concepts  is  examined  in  this  chapter, 
and  operational  system  concepts  that  can  be  readily  implemented  are 
developed  in  sufficient  detail  to  permit  evaluation  of  the  capability  for 
providing  IPC  separation  assurance.  In  subsequent  chapters,  the  costs  of 
avionics  required  to  implement  the  feasible  data  link  concepts  are  developed 
to  identify  the  expenditures  that  will  be  required  to  provide  IPC  separation 
assurance  via  VHF  data  links  to  high-performance  air  carrier  aircraft  and 
limited-performance  general  aviation  aircraft. 


2.1  PHILOSOPHY  OF  APPROACH 

Thp  use  of  the  VHF  aeronautical  radio  band  to  provide  a data  link  for 
IPC  commands  to  aircraft  is  considered  a near-term,  interim  solution  to 
collision  avoidance  pending  implementation  of  the  DABS/IPC  concept.  The 
near-term  implementation  goal,  together  with  the  need  to  provide  IPC  at 
low  cost  to  all  interested  aviation  communities,  establishes  the  guidelines 
and  approach  for  evaluating  the  VHF  data  link  system  alternatives. 

The  study  provides  the  avionics  costs  associated  with  implementing  an 
IPC  VHF  data  link  by  several  different  alternatives.  The  economic  analysis 
is  based  on  avionic  equipment  design  concepts  developed  as  part  of  this 
study  that  relate  design  and  implementation  complexities  to  total  cost. 

Three  IPC  VHF  data  link  communications  system  concepts  are  defined  to 
develop  preliminary  avionics  designs.  These  concepts  are  representative  of 
system  configurations  and  channel-management  techniques  often  discussed  in 
association  with  a VHF  data  link  and  are  considered  typical  of  the  technical 
complexity  and  economic  commitment  involved  in  in^lementing  any  near-term 
VHF  data  link.  Each  concept  identifies  the  channel-management  techniques, 
ground -facility  management  responsibilities,  and  message  types  to  be  carried 
on  the  IPC  link  in  sufficient  detail  to  permit  analysis  of  the  required 
channel  capacity  of  each. 
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It  is  emphasized  that  the  IPC  system  concepts  and  accoitpanying  equip- 
ment representations  presented  herein  do  not  reflect  final  system  designs 
and  that  further  amalysis  could  result  in  improved  designs.  They  are, 
however,  definitive  enough  to  be  used  in  estimating  VHF  data  link  costs 
for  comparison  with  the  costs  of  other  separation-assurance  concepts. 

Message-encoding  techniques,  message  formats,  and  data-transfer 
formats  are  used  in  conjunction  with  ground  and  aircraft  VHF  equipment 
characteristics  to  determine  the  technical  feasibility  and  channel  capaci- 
ties of  each  of  the  scenarios  proposed.  The  data  link  characteristics  are 
also  used  in  the  development  of  IPC  equipment  designs. 

A data  link  performance  model  was  required  to  establish  the  overall 
design  parcimeters  of  each  IPC  system  concept  (e.g.,  receiver  turnaround 
times  and  system  channelization  requirements)  and  ensure  the  feasibility 
of  the  alternatives.  A mathematical  model  based  on  queuing  theory  was 
therefore  developed;  it  was  exercised  with  a near-future  aircraft  traffic 
environment  to  establish  channel  capacities  of  the  various  communications 
system  concepts.  Probable  message-arrival  rates  and  avionic  equipment 
capabilities  were  generated  for  the  model  from  a combination  of  current 
FAA  predictions  and  ATC  operating  procedures.  The  results  of  the  model 
exercise  were  channel-utilization  factors,  mean  service  times,  mean  waiting 
times,  mean  number  of  messages  waiting,  and  uplink  channel  delay  times 
between  generation  and  receipt  of  IPC  messages. 

Specific  system  designs,  including  detailed  parts  lists,  were  developed 
for  each  of  the  system  concepts;  parts  costs  were  identified  and  combined 
with  labor  cost  elements  to  obtain  the  production  costs  associated  with  IPC 
avionic  equipment  for  each  IPC  system  concept.  These  costs,  together  with 
the  implementation  impact  on  potential  users  and  the  performance  predicted 
by  the  analytical  model,  were  examined  to  determine  the  most  cost-effective 
approach  to  providing  IPC  through  the  use  of  a VKF  data  link. 

2.2  DEVELOPMENT  OF  REPRESENTATIVE  IPC  VHF  DATA  LINK  SYSTEM  CONCEPTS 

Near-term  implementation  of  IPC  commands  in  the  VHF  aeronautical  band 
can  be  achieved  either  by  developing  a totally  new  VHF  data  link  or  by 
modifying  an  existing  or  planned  VHF  data  link.  There  is  no  data  link 
currently  in  use  on  the  VHF  aeronautical  band;  however,  some  non-FAA 
enterprises  are  considering  the  implementation  of  ground-air  VHF  data  links. 
This  analysis  investigates  as  one  of  the  IPC  system  concepts  the  priority 
ordering  of  IPC  commands  through  modification  of  such  a non-FAA  data  link. 
This  alternative  offers  the  potential  for  a low-cost  IPC  data  link  through 
the  sharing  of  non-FAA  data  link  equipment.  However,  the  shared-system 
approach  could  involve  operational  problems.  Therefore,  new  data  links 
embodying  IPC  must  also  be  considered. 
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The  development  of  a totally  new  VHF  data  link  for  IPC  use  provides 
the  analysis  with  the  system  concepts  of  either  a dedicated  data  link  or 
a data  link  shared  by  other,  yet-to-be-automated  FAA  communications  traffic. 

A dedicated  IPC  VHF  data  link  would  be  an  effective  method  of  providing  IPC 
to  virtually  all  user  communities.  Its  implementation  would  be  totally 
independent  of  the  development  of  devices  and  data  links  unrelated  to  the 
IPC  system,  with  the  obvious  advantage  of  providing  a link  free  of  coitpeti- 
tion  and  interference  due  to  other  message  traffic.  The  alternative  con- 
cept of  transmitting  IPC  commands  on  a VHF  data  link  handling  other  FAA 
services  is,  of  course,  completely  compatible  with  ground  station  management 
and  operational  procedures  of  the  current  ATC  system. 

The  following  IPC  communications  system  descriptions  identify,  for  each 
of  the  communications  concepts,  the  channel-management  technique,  ground- 
facility  management  responsibility,  message  types  to  be  carried  on  the  link, 
and  requirements  for  aircraft  participation  in  the  IPC  system.  Since  the 
IPC  concept  is  the  source  for  much  of  this  information,  this  concept  is 
discussed  first. 

2.2.1  IPC  Concept  and  Assumptions  Used  in  the  Study 

The  development  of  the  IPC  concept  is  based  on  the  goal  of  implementing 
a totally  automatic  ground-based  collision  avoidance  system.  Through  the  IPC 
concept,  separation  assurance  can  be  provided  to  both  IFR  and  VFR  aircraft 
by  issuing  brief,  easily  interpreted  collision  avoidance  commands  on  an  as- 
needed  basis.  The  IPC  concept  requires  the  development  of  irtproved 
surveillance-data  processing  techniques  and  conflict-prediction  algorithms. 
However,  this  study  focuses  on  the  data  link  aspects  of  IPC  and  is  not 
concerned  witii  ground  processing  elements.  The  IPC  system  should  require 
only  minimal  action  by  the  pilot  (e.g.,  little  or  no  frequency  retuning)  to 
receive  the  IPC  commands. 

To  provide  the  aircraft  with  collision  avoidance  maneuvers,  a data 
link  is  needed  to  transmit  the  IPC  commands,  including  some  form  of  unique 
aircraft  addressing.  The  data  link  must  be  capable  of  providing  a time- 
responsive  and  reliable  channel  for  ground-to-air  communications.  It  is 
assumed  in  this  study  that  either  the  aircraft's  unique  (ground-assigned) 
transponder  code  or  airframe  registration  number  is  available  for  use  by 
the  IPC  system  as  an  aircraft  address. 

Current  IPC  algorithms  are  based  on  providing  aircraft  with  IPC  commands 
approximately  30  seconds  prior  to  a potential  collision  situation.  The  data 
link  that  provides  these  commands  to  the  aircraft  without  significantly 
diminishing  this  warning  time  will  be  considered  time-responsive.  Delays 
of  up  to  2 seconds  between  the  generation  and  receipt  of  an  IPC  command 
are  assumed  to  be  tolerable. 

IPC  link  reliability  must  be  high  to  ensure  that  no  erroneous  maneuvers 
are  initiated  by  aircraft.  The  required  level  of  communications  relieibility 
can  be  obtained  through  the  use  of  forward-error-detection  techniques  or 
automatic  technical  acknowledgments  by  the  aircraft  in  response  to  uplink 
IPC  commands. 
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Pilot- initiated  digital  replies,  serving  to  inform  the  ground  facility 
of  the  pilot's  intention  to  comply  with  the  recommended  IPC  maneuver,  are 
not  clearly  defined  as  an  IPC  algorithm  requirement.  Because  there  is 
controversy  over  pilot  participation,  the  study  considers  both  data  links 
which  make  provisions  for  such  replies  and  those  which  do  not.  This  issue 
is  viewed  as  separate  and  distinct  from  communications  reliability. 

The  following  sections  develop  the  IPC  VHP  data  link  communications 
system  concepts  that  provide  the  basis  for  the  analysis  in  the  remainder 
of  this  report. 

2.2.2  System  Concept  1 - IPC  Using  a Dedicated  VHP  Data  Link 

System  Concept  1 is  based  on  the  development  of  a digital  data  link 
dedicated  solely  to  IPC  use.  Such  a system  would  be  completely  under  the 
control  and  management  of  PAA  personnel  and  procedures. 

Uncertainty  over  the  type  or  necessity  of  a reply  to  an  IPC  uplink 
message  makes  it  necessary  to  examine  the  impact  of  both  one-way  operation 
(ground  to  air)  and  two-way  operation  (duplex:  gro\ind  to  air,  air  to 
ground) . Under  the  assumption  that  a reply  is  not  necessary  or  that  verbal 
communication  of  the  pilot's  intent  to  the  air  traffic  controller  is 
sufficient,  the  dedicated  data  link  can  be  configured  as  a one-way  channel 
(ground  to  air  only) . Such  a data  link  would  optimize  the  time  for  uplink 
message  transmission,  secure  from  interference  or  interruption  by  other 
types  of  message  traffic.  Repetitive  transmissions,  composed  of  the  air- 
craft's unique  address,  the  IPC  command,  and  other  overhead  data  link 
characters,  would  be  employed  to  ensure  maximum  reliability  of  data 
transmission. 

A two-way  (duplex)  dedicated  data  link  is  also  excunined  to  satisfy  the 
requirement  of  receiving  a digital  confirmation  of  the  uplink  command. 
Whether  the  response  is  automatic  or  manual,  the  objective  is  to  advise  the 
IPC  computer  directly  of  the  transmission  integrity  of  the  command  or  the 
pilot's  compliance  with  the  command.  It  is  also  considered  necessary 
that  the  response  be  kept  on  a separate  frequency  so  that,  as  in  the  one- 
way concept,  the  time  available  for  uplink  transmissions  will  be  maximized. 
Repetitive  transmissions  of  the  commands  (a  necessity  in  the  one-way  case) 
are  eliminated,  since  retransmission  of  uplink  commands  can  be  controlled 
by  the  digital  response  received  by  the  ground  facility. 

To  prevent  unaddressed  aircraft  from  initiating  avoidance  maneuvers 
cind  addressed  aircraft  from  executing  incorrectly  received  commands,  an 
error-detection  technique  will  be  included  in  the  IPC  transmission. 

Transmission  sites  for  an  IPC  dedicated  data  link  would  be  located  to 
provide  coverage  equivalent  to  the  ground  radar  station  generating  the  raw 
surveillance  data  for  the  area. 
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As  a system  that  is  designed  as  backup  to  the  interaction  of  air 
traffic  controller  and  pilot,  the  IPC  system  should  be  independent  of  human 
intervention  when  not  actively  displaying  a collision  avoidance  maneuver. 
Therefore,  the  nationwide  use  of  a single  frequency  or  single  pair  of 
frequencies  on  a one  way  or  duplex  IPC  data  link  is  investigated.  Should  a 
one  uplink-channel  system  be  found  inadequate  to  handle  the  expected  IPC 
traffic  load,  an  alternative  solution  to  the  problem  of  minimum  human 
intervention  and  capacity  limitation  on  the  uplink  channel  is  investigated. 

»n  option  to  either  the  one-way  or  the  duplex  data  link  is  the  concept 
of  segi  anting  the  airspace  horizontally  (by  altitude),  rather  than  vertically 
(by  geography  or  radar  coverage) . This  horizontal  division  of  airspace  can 
be  accomplished  automatically,  thereby  maintaining  the  concept  of  a system 
independent  of  human  intervention  during  normal  (nonconflict)  operations. 

By  examining  traffic  densities  and  patterns,  a minimum  number  of  altitude 
bands  composed  of  various  flight  levels  can  be  determined.  Each  of  these 
bands  would  have  a unique  frequency  assigned  nationwide.  Each  altitude 
band  (frequency)  would  contain  significantly  fewer  aircraft  than  the  total 
number  in  the  geographic  area  visible  to  ground  radar  or  transmitters, 
thereby  increasing  the  total  capacity  of  the  system.  Automatic  retuning 
of  IPC  dedicated  VHP  receivers  as  an  aircraft  climbs  or  descends  through 
altitude  bands  could  be  accomplished  by  using  the  encoding-altimeter  data 
(a  requirement  placed  on  all  IPC  recipients).  To  compensate  for  the 
tolerance  of  the  encoding  altimeters,  the  altitude  bands  could  be  overlapped. 
It  is  thus  implied  that  aircraft  traversing  the  overlap  between  altitude 
bands  would  have  IPC  commands  transmitted  on  both  frequencies  to  increase 
the  probability  of  receiving  the  message. 
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2.2.3  System  Concept  2 - IPC  Using  the  Automatic  Communications  Addressing 
and  Reporting  System  (ACARS)  VHP  Data  Link 

ACARS  is  a digital  VHP  data  link  currently  being  investigated  by  the 
commercial  air  carriers  for  implementation  on  the  existing  ARINC*  VHP  radio 
network  system.  This  non-PAA  network  system  provides  ground/air /ground 
voice  communications  coverage  over  large  areas  of  major  intercity  flight 
paths.  It  is  scheduled  to  operate  in  both  en  route  and  terminal  areas  on 
a single  nationwide  frequency  and  is  designed  to  accommodate  the  ordinarily 
high  volume,  fixed- format  messages  of  company  communications. 

Each  network  is  composed  of  favorably  sited,  unattended,  remotely 
controlled  VHP  stations  (transmitters  and  receivers) , which  are  linked  by 
telephone  lines  extending  from  one  or  more  ARINC  Communications  Centers. 
Technical  acknowledgments  are  used  by  ACARS  to  verify  error-free  receipt 
of  messages.  These  acknowledgments  control  the  retransmission  of  both 
ground-  and  air-originated  messages.  The  remote  sites  are  discretely 
addressable  by  the  ACARS  for  transmission  and  reception  of  messages. 
Ground-to-air  contacts  require  ACARS  to  choose  the  optimal  site  for  broad- 
cast to  the  aircraft.  If  the  aircraft  does  not  respond,  ACARS  transmits 
from,  and  attempts  to  receive  an  acknowledgment  through,  each  surrounding 


♦Aeronautical  Radio,  Inc. 
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remote  site.  When  a dovmlink  message  is  transmitted  by  an  aircraft,  it  is 
received  by  multiple  remote  sites  in  the  area.  ACARS  is  programmed  to 
reject  multiple  identical  messages  by  recognizing  a message-sequence  code 
contained  in  each  transmission.  Channel  management  of  ACARS,  although 
initially  planned  to  operate  in  an  aircraft  demand  mode,  can  be  implemented 
through  grovind- con  trolled  polling  of  aircraft. 

The  ACARS/IPC  data  link  configuration  on  commercial  aircraft  would 
make  maximum  use  of  existing  ACARS  equipment.  Aircraft  not  privy  to  ACARS 
message  traffic  but  desiring  IPC  capability  would  have  to  obtain  a "mini 
ACARS/IPC"  system  capable  of  processing  only  IPC  traffic.  Ground  facilities 
of  the  ARINC  network  would  have  to  be  modified  to  receive  the  IPC  message 
over  land  lines,  recognize  its  priority,  and  place  it  at  the  head  of  the 
line  in  a priority  store-and-forward  message  buffer  device.  Replies  to  IPC 
commands,  if  necessary,  would  be  on  the  same  frequency  as  the  uplink  traffic 
and  be  given  the  highest  priority  of  all  downlink  messages  and  a lower 
priority  than  any  uplink  message.  Possible  benefits  of  this  scenario  are 
the  use  of  an  existing  VHF  ground  network  that  is  converting  to  digitized 
data  in  the  near  term,  good  coverage,  one  nationwide  frequency,  and  accept- 
ance by  many  potential  users. 

2.2.4  System  Concept  3 - IPC  Using  a Digital  FAA  ATC  VHF  Data  Link 

The  FAA  does  not  utilize  a digital  data  link  for  any  of  the  services 
it  provides.  Initial  investigation  into  digitizing  current  ATC  voice 
communications  (References  1 and  2)  has  resulted  in  the  classification  of 
ATC  information  into  ATC  Tactical  or  ATC  Record  communications.  ATC 
Tactical  communications  are  classified  as  heading,  altitude,  VHF  voice 
frequency,  and  airspeed  data  traffic.  This  traffic  is  easily  digitized, 
and  some  analysis  has  been  performed  on  data  link  characteristics  of  an 
ATC  Tactical  Display  (References  2 and  3) . ATC  Record  message  character- 
istics are  longer  and  less  time-critical  than  ATC  Tactical  traffic, 
contain  alphanumeric  and  symbolic  characters,  and  utilize  either  fixed  or 
free  message  format.  Ex£imples  of  ATC  Record  traffic  are  terminal  informa- 
tion, IFR  clearances,  weather  data,  and  other  similar  ATC  functions.  (This 
information  is  not  as  easily  digitized  or  implemented  as  the  ATC  Tactical.) 

The  concept  of  an  ATC  data  link  is  seen  as  a major  undertaking  involving 
a spectrum  of  technical,  operational,  and  Governmental  control  and  policy 
problems.  Because  of  the  magnitude  of  the  financial  and  technical  effort 
involved  in  the  transformation  from  voice  to  digital  transmission,  and  the 
current  lack  of  effort  in  the  area,  this  data  link  is  not  considered  to  be 
a feasible  candidate  for  implementation  within  the  period  of  interest. 
Therefore,  the  body  of  the  report  does  not  address  this  concept.  Further 
discussion  of  this  concept  relating  to  the  system  configuration  or  channel 
capacity  is  presented  in  Appendix  A. 
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2.3  POTENTIAL  IMPLEMENTATION  STRATEGY 

In  light  of  the  foregoing  considerations,  there  are  several  methods  by 
which  IPC  can  be  provided  to  the  various  airspace  users  on  the  basis  of  the 
three  communications  system  concepts.  Table  2-1  defines  the  three  possible 
schemes,  or  cases,  for  providing  IPC  commands  to  commercial  air  carriers 
(CA) , general  aviation  (GA) , and  nontactical  military  aviation  (MIL) . 


Table  2-1 

IMPLEMENTATION  CASES 

Case 

CA 

GA 

MIL 

1 

Dedicated  IPC* 

Dedicated  IPC* 

Dedicated  IPC* 

2 

Modified  ACARS 

ACARS  conpatible 

ACARS  coitpatible 

3 

Modified  ACARS 

Dedicated  IPC* 

Dedicated  IPC* 

♦Note : 

Both  one-way  and  duplex  options  will  be  considered. 

In  Case  1 (based  on  Concept  1 of  Section  2.2.2)  all  aircraft  would  re- 
ceive IPC  commands  transmitted  from  FAA  ground  stations  through  essentially 
similar  avionics  configurations.  The  commercial  air  carriers  would  be 
required  to  procure  equipment  for  an  IPC  data  linlc  in  addition  to  ACARS 
data  linlc  avionics.  Most  general  aviation  and  all  applicable  military 
aviation  would  have  to  add  a second  (or  third)  '/HF  receiver  or  transceiver. 

Case  2 (based  on  Concept  2 of  Section  2.2.3)  would  allow  the  ACARS  users 
to  implement  an  IPC  data  link  by  modifying  ACARS  equipment.  However,  it 
would  force  general  and  military  avii. ;,ion  aircraft  to  procure  potentially 
expensive  and  overly  sophisticated  equipment  to  be  compatible  with  the 
powerful  ACARS  encoding  technique  but  not  be  able  to  use  its  expanded 
capability.  For  this  implementation  scheme,  it  is  presupposed  that  there 
are  operational  and  political  agreements  between  the  FAA  and  ACARS  users 
to  "piggyback"  their  network  with  higher-priority  IPC  messages  to  themselves 
and  a large  community  of  non-ACARS  members. 

Case  3 employs  the  favorable  factors  of  Cases  1 and  2 for  each  user 
community.  It  permits  commercial  air  carriers  to  modify  the  ACARS  data  link 
to  receive  IPC  commands  — thereby  avoiding  the  added  cost  of  a second  set 
of  data  link  avionics  demanded  in  Case  1.  This  case  also  permits  general 
aviation  and  applicable  military  aviation  to  procure  avionics  equivalent  to 
Case  1 configurations,  resulting  in  significantly  simpler  (therefore,  lower- 
cost)  equipment  than  in  Case  2.  The  ground-facility  impact  on  the  implemen- 
tation of  Case  2 is  a minimal  IPC  algorithm  modification  concerning  the 
recognition  of  the  class  of  aircraft  (GA  or  CA)  in  conflict  and  then  for- 
matting and  routing  the  IPC  command  as  discussed  for  the  dedicated  or  ACARS 
shared  link  as  appropriate. 
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The  remainder  of  this  study  develops  and  analyzes  the  economic  and 
technical  characteristics  of  the  IPC  VHP  data  link  system  concepts  defined 
in  this  chapter.  The  feasibility  of  implementing  the  three  concepts  will 
be  determined  from  the  results  of  the  technical  and  economic  investigation 
of  each  communications  system  concept. 
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CHAPTER  THREE 


DATA  LINK  CONSIDERATIONS 


This  chapter  is  a discussion  of  the  various  characteristics  of  the 
communications  data  associated  with  each  of  the  data  link  system  concepts. 
Proposed  concepts  and  philosophies  are  examined  to  develop  the  data  char- 
acteristics and  message  formats  for  IPC  only  and  combined  IPC/ACARS  traffic. 
The  data-transfer  formats  have  been  selected  on  the  basis  of  available  mod- 
ulation techniques , bit  rates , and  bandwidths  that  are  compatible  with  cur- 
rent ground  and  avionic  equipments.  The  results  of  an  investigation  of 
equipment  factors  typical  of  both  ground  and  avionic  equipment  that  directly 
affect  data  link  performance,  together  with  a discussion  of  the  impact  of 
IPC  system  implementation  on  current  ATCRBS  ground  interrogators,  are  also 
presented. 


3.1  REVIEW  OF  CHARACTERISTICS 

A review  of  the  characteristics  of  the  IPC  system  and  the  ACARS  message 
formats  was  conducted  prior  to  the  development  of  the  alternative  VHF  data 
links  for  IPC. 

3.1.1  IPC  System  Characteristics 

The  IPC  system  is  to  be  a nonredundant  back-up  to  the  Air  Traffic 
Controller's  safe  handling  of  aircraft.  The  transmission  of  an  IPC  command 
to  an  aircraft  indicates  that  a potential  for  collision  exists  and  that 
the  collision  will  occur  in  a predetermined  time.  The  collision  avoidance 
command  is  an  emergency  communication  requiring  immediate  attention  and 
compliance.  By  necessity,  then,  the  commands  must  exhibit  the  following 
characteristics : 

• They  must  be  uniquely  addressable  to  specific  aircraft. 

• They  must  be  brief,  easily  recognized,  and  easily  implemented  by 
the  pilot. 

• They  must  contain  an  error-detection  technique  adequate  for  pre- 
venting incorrect  or  unnecessary  maneuvers  by  the  addressed  aircraft. 
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Two  aircraft  identification  techniques  are  available:  the  assigned 
transponder  code  setting  and  the  aircraft  registration  number.  Assigned 
transponder  codes  and  the  aircraft  registration  numbers  are  both  visible 
to  the  Air  Traffic  Controller  via  his  radar  screen  and  recognized  by  the 
ATCRBS  computer  system.  Therefore,  either  of  these  two  addresses  can  be 
readily  used  by  an  IPC  system. 

Brief,  easily  recognized  collision  avoidance  commands  that  are  readily 
implemented  by  the  pilot  were  developed  and  used  in  the  production  of  the 
display  depicted  in  Figure  3-1.  The  X-shaped  and  arrow-shaped  symbols,  when 
activated  in  the  proper  sequence,  inform  the  pilot  which  maneuvers  are  not 
permissible  and  which  are  required  to  avoid  a collision  or  near  miss.  For 
example,  if  the  upper  arrow  (a)  and  the  right  X (f)  are  lighted,  the  pilot 
should  initiate  a climb  and  should  not  turn  to  the  right. 


Figure  3-1.  IPC  DISPLAY 


No  specific  error-detection  or  -correction  techniques  are  defined  as  a part 
of  the  basic  IPC  concept.  Such  a technique  is  mandatory  to  ensure  the  de- 
tection of  transmission  errors  at  both  the  ground  facility  and  on  board  the 
aircraft.  The  error  check  by  the  avionics  must  be  configured  to  ensure  that 
only  properly  received  messages  are  displayed  to  the  pilot. 
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3.1.2  ACARS  Data  Characteristics 


The  ACARS  concept  was  developed  by  Aeronautical  Radio,  Inc.  to  enable 
current  company-oriented  voice  traffic  to  be  digitized  and  transmitted  to 
and  from  aircraft  via  VHF  data  link. 

Message  types  intended  for  transmission  over  the  ACARS  data  link  in- 
clude departure/arrival  reports,  ETA  reports,  GMT  clock  upjdates , and  auto- 
matic "Out -Off-On-In"  sensor  reports.  The  ACARS  description  (Reference  1) 
sets  forth  provisions  for  an  Optional  Auxiliary  Terminal  (OAT)  to  provide 
the  ACARS  data  link  with  additional  capcibility.  The  OAT  Ccin  vary  in  com- 
plexity from  a small  character  display  to  an  electronic  switching  device 
for  utilization  by  a diversified  source  of  terminals.  The  ACARS  communica- 
tions volume,  message  content,  and  message  lengths  change  as  the  OAT  device 
changes  in  function.  Therefore,  the  ACARS  message  has  been  designed  to 
exhibit  the  following  characteristics  to  accommodate  all  proposed  functions 
of  the  ACARS  data  link: 

• The  ACARS  message  must  contain  the  aircraft's  unique  address  for 
recognition  purposes  for  both  receipt  and  transmission  of  messages 
from  ground  facilities  and  from  the  aircraft. 

• The  code-set  must  provide  for  full  alphanumeric  data. 

• The  ACARS  message  must  provide  for  error-detection  and  technical- 
acknowledgment  functions . 

• The  ACARS  must  provide  the  ability  to  accommodate  the  long,  unfor- 
matted alphanumeric  text  arising  from  implementation  of  the  OATS 
into  ACARS. 

To  generate  sufficient  coding  for  the  special  functions  and  abbrevia- 
tions used  in  company  communications , a bit  length  of  8 bits  per  character 
(7  bits  plus  parity)  is  required  by  the  ACARS  system.  Selective  addressing 
techniques  under  consideration  for  the  system  are  the  use  of  the  aircraft 
registration  number  or  the  airline  flight  number  of  the  aircraft;  iDoth  re- 
quire the  character  flexibility  provided  by  an  8-bit  character.  The  message 
is  composed  of  characters  coded  according  to  the  seven-unit  convention 
specified  in  ICAO  Annex  10.*  Appended  to  the  message  is  a block  check 
sequence  composed  of  16  bits  which  do  not  comply  with  this  coding  convention 
and  are  distinguished  from  communications  control  by  their  relative  position. 

The  format  of  Table  3-1  applies  to  both  air-to-ground  and  ground-to-air 
messages. 

Further  information  concerning  ACARS  message,  data,  and  display 
characteristics  is  presented  in  Reference  4. 


* International  Civil  Aviation  Organization. 
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Table  3-1.  ACARS  MESSAGE  FORMAT 


Function 

Number  of  Characters 

Pre-Key 

16 

Bit  Synchronization 

2 

Character  Synchronization 

2 

Start  of  Heading 

1 

Mode 

1 

Address 

7 

Technical  Acknowledgment 

1 

Label 

2 

Start  of  Text 

1 

Text 

220  (maximum) 

Suffix 

1 

Block  Check  Sequence  (BCS) 

16  (bits) 

BCS  Suffix 

1 

3.2  IPC  MESSAGE  FORMATS 

The  IPC  message  formats  developed  in  this  study  represent  two  extremes. 
The  dedicated  IPC  message  format  is  a brief  structure  designed  to  provide 
maximum  information  with  minimum  transmitter  use.  The  ACARS/IPC  message 
format  is  more  complex  and  time-consuming  because  of  the  concessions  that 
must  be  made  in  a multi-purpose  data  link.  These  message  formats  are  used 
in  Chapter  Four  for  analysis  of  the  system  capacity  inherent  in  each 
proposed  concept. 

3.2.1  Dedicated  IPC  Data  Link 


Decisions  regarding  an  IPC  message  format  applicaible  to  a VHF  data  link 
were  not  made  prior  to  this  study.  The  format  developed  for  use  by  IPC  on 
the  dedicated  VHF  data  link  is  constructed  to  satisfy  all  of  the  IPC  charac- 
teristics identified  in  Section  3.1.1.  Efforts  have  been  made  to  maximize 
the  information  content  of  each  transmitted  bit.  The  major  items  contained 
in  the  format  are  the  IPC  text,  the  address  technique,  and  the  error -detection 
technique. 

The  IPC  text  is  composed  of  thirteen  data  bits  and  is  designed  so  that 
the  nine  display  arrow  and  X symbols  can  be  controlled  by  a string  of  nine 
bits.  The  symbols  on  the  display  are  correlated  to  locations  in  the  bit 
field  to  provide  control  of  commands  to  each  symbol.  Active  commands  are 


3-4 


I 

I 

transmitted  by  positioning  a "1"  in  the  correlated  location.  Passive 

i commands  are  transmitted  by  positioning  a "0"  in  the  correlated  location. 

The  tenth  bit  activates  the  flashing  of  all  energized  symbols.  The  eleventh 
and  twelfth  bits  as  a pair  provide  a test  capability  and  display  control. 

(The  transmitting  of  a "01"  or  "10"  in  the  test  field  overrides  all  bit  pat- 
terns and  activates  all  lights  — steady  if  "01",  or  flashing  if  "10".  Nei- 
ther of  these  tests  will  erase  a previously  displayed  IPC  message  from  the 
display  memory.  Bit  patterns  "00"  or  "11",  sent  during  operational  modes, 

J direct  cumulative  or  noncumulative  activation  of  the  IPC  symbols.  Trans- 

mission of  a "1"  in  the  13th  bit  location  actuates  an  audible  signal  alarm 
for  3 to  5 seconds,  after  receipt,  to  attract  the  pilot's  attention  to  the 
display.  The  IPC  text  bit  assignments  are  summarized  in  Table  3-2. 


Table  3-2. 

BIT  ASSIGNMENTS  FOR  IPC  TEXT  TRANSMISSION 

Text  Bit  Number 

12  3 4 

5 6 7 8 9 

10 

11  12 

13 

Function  or 

Symbol  Assignment* 

abed 

(arrows) 

e f g h i 
(X's) 

Flash 

Display 
Test  and 

Control 

Audible 

Alarm 

*Symbols  a through 
Figure  3-1. 

L correlate  with  the  symbol  positions  of 

Further  detail  and  development  of  the  IPC  text  format  can  be  found  in 
References  3 and  5. 

To  assure  the  delivery  of  the  IPC  text  to  the  selected  aircraft,  the 
text  is  included  in  the  message  format  structure  of  Table  3-3.  In  addition 
to  the  pre-key,  synchronization  bits,  and  other  necessary  overhead  data 
link  functions,  the  IPC  text  is  preceded  by  twelve  binary  digits. 

These  digits  are  used  for  encoding  the  assigned  transponder  code  of  the 
aircraft  as  a unique  address*.  The  transponder  code  has  been  selected 
rather  than  the  aircraft  registration  number  because  the  code  requires 
fewer  data  bits  than  required  to  encode  the  alphanumeric  characters  of 
registration  numbers.  Following  the  IPC  text,  a 9-bit  error  check  sequence 
is  inserted.  The  block  check  sequence  (BCS)  is  derived  by  treating  the 
message  information  binary  digits  as  coefficients  of  a polynomial,  G(x) . 
This  polynomial  is  divided  by  a predetermined  polynomial,  P(x);  the  remain- 
der of  this  operation  is  R(x) , the  block  check  sequence.  The  sum  of  G(x) 
and  R(x)  is  the  bit  sequence  transmitted  to  the  aircraft  and  subsequently 
divided  again  by  P(x)  (by  the  avionics)  to  verify  error-free  receipt  of 
the  message.  The  polynomial  chosen,  together  with  the  number  of  error- 
checking digits,  will  detect  two  single  bit  errors;  all  burst  errors  of 
nine  or  fewer  consecutive  bits,  99.6  per  cent  of  the  burst  errors  of  10 


i *This  assumes  that  operational  procedures  to  guarantee  the  availability  of 

unique  transponder  codes  for  IPC  users  can  be  developed. 

m 

I 
i 

] 
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Table  3-3.  SHORT-MESSAGE  FORMAT  FOR  IPC  DEDICATED  DATA  LINK 


Function 

Number 

of  Bits 

Comment 

Pre-Key 

20 

Each  "pre-key"  character  should  consist  of  all  binary  ones 
with  all  parity  rules  waived.  During  the  "pre-key"  trans- 
mission, receiver  AGC  settling  and  transmitter  power  output 
stabilization  will  be  achieved. 

Bit 

9 

Transmission  required  to  enable  resolution  of  bit  ambiguity 

Synchronization 

(transmitted  bit  stream  001110010) . 

Start  of 

1 

Indicates  the  start  of  the  message  and  initiates  the  BCS 

Heading 

(transmission  of  a binary  1) . 

Aircraft 

12 

For  assigned  transponder  codes  — 4 sets  of  3 binary  digits 

Address 

each. 

Technical 

2 

Functions  of  this  group  of  bits  will  include  the  ACK/NAK  or 

Acknowledgment 

WILCO/UNABLE  replies. 

Start  of  Text 

1 

"0"  for  messages  without  text,  "1"  for  messages  containing 
text  (used  only  if  response  is  composed  of  ACK/NAK  or 
WILCO/UNABLE) . 

Text 

13 

See  IPC  text  discussions  (Teible  3-2)  . 

Suffix 

1 

The  end  of  text  will  be  indicated  by  a bit  pulse  of  "1". 

Block  Check 

9 

The  BCX  is  initiated  by,  but  does  not  include,  the  Start  of 

Sequence  (BCS) 

Heading  bit,  and  is  terminated  by  and  does  include  the 
suffix  bit. 

A BCS  of  9 bits  is  transmitted  following  the  suffix  bit. 

These  9 bits  are  the  remainder  of  the  following  division: 

(A  polynomial,  in  x,  derived  from  the 

primary  digits  of  the  message) 

P(x)  = 1 + x^  + x^ 

They  are  used  as  reference  bits  in  an  error-detection 
process  based  on  the  division  of  the  equivalent  polynomial 
representation  of  the  received  message  by  P(x)  in  the 
receiving  terminal.  This  error-detection  process  controls 
generation  of  the  technical  acknowledgments  ACK/NAK  and 
display  of  the  received  message  (Reference  17) . 

BCS  Suffix 


The  BCS  suffix  will  enable  the  last  bit  of  the  BCS  to  be 
decoded. 


consecutive  bits,  and  99.8  percent  of  longer  burst  errors.  Further  details 
of  the  theory  and  methodology  of  this  error -detection  technique  are  con- 
tained in  Reference  6,  together  with  the  initial  theorems  and  references 
to  justify  the  detection  capability  of  the  polynomial  chosen. 

Data  link  air-ground  replies,  initiated  either  manually  or  automatically 
in  response  to  IPC  commands,  can  be  coded  by  use  of  the  same  message  format. 
Since  the  IPC  display  is  updated  only  upon  receipt  of  an  error-free  message 
(as  determined  by  the  BCS) , manual  response  to  the  command  need  only  inform 
the  ground  facility  of  the  pilot's  intent  to  comply.  This  is  accomplished 
by  transmission  of  his  address  and  a "Wilco"  or  "Unable  to  Comply"  indica- 
tion, automatically  formatted  and  transmitted  after  the  pilot's  response  is 
registered  on  the  display.  Automatic  responses  transmitted  entirely  without 
human  intervention  and  regardless  of  other  manual  replies  can  be  configured 
to  achieve  either  of  the  following  two  alternatives:  (1)  a short  verifica- 
tion --  by  transmission  of  a technical  acknowledgment  (ACK/NAK)  — that  the 
IPC  command  was  or  was  not  accepted  by  the  BCS;  or  (2)  a transmission  of  a 
message  of  equal  length  to  the  uplink  IPC  message  composed  of  the  technical 
acknowledgment  and  the  uplink  message  itself.  This  combination  will  indi- 
cate the  command  received  and  whether  it  was  accepted  as  a valid  error-free 
message. 

3.2.2  ACARS/IPC  Data  Link 


To  enable  the  ACARS/IPC  data  link  system  to  operate  with  a maximum  of 
common  equipment  logic,  the  IPC  message  format  must  employ  the  same  message 
address  technique,  overhead  structure,  and  code  as  ACAP.S.  Therefore,  the 
37-character  overhead  defined  in  Table  3-1  will  be  combined  with  the  13-bit 
IPC  message  of  Table  3-2.  Thus  the  IPC  message  foirmat  on  the  ACARS  data 
link  is  considerably  longer  than  the  IPC  message  format  defined  in  Table  3-3 
Because  the  ACARS  modem  is  character -synchronized , for  convenience  the  IPC 
text  length  should  be  extended  to  16  bits  (2  characters)  by  the  addition  of 
three  bits.  Through  the  use  of  the  label  characters  of  the  ACARS  message 
format,  the  IPC  commands  can  be  encoded  to  indicate  to  the  avionics  the  re- 
ceipt of  a high-priority  message  and  its  internal  routing.  The  transmitted 
value  of  these  two  characters  in  this  situation  will  also  signal  the  ACARS 
system  to  defer  attempts  by  the  ACARS  modem  to  decode  the  IPC  text. 


3.3  EXISTING  EQUIPMENT  CAPABILITIES 

An  examination  of  the  capabilities  of  existing  equipment  was  conducted 
to  determine  if  a VHF  data  link  could  be  implemented  with  the  equipment 
currently  in  use  by  the  FAA  and  the  aviation  community.  The  equipment 
capabilities  explored  form  the  basis  for  choosing  an  appropriate  modulation 
technique  and  bit  rate  for  a near-term  data  link. 
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3.3.1  Ground  Equipment 

The  VHF  ground  equipment  of  interest  is  typified  by  the  equipment  in 
use  for  air  traffic  control  and  airline  company  communications. 

Transmitters  are  capable  of  a power  output  of  50  watts  amplitude  mod- 
ulation with  a continuous  duty  cycle.  The  units  can  be  operated  at  any 
frequency  within  the  116-152  MHz  band  by  insertion  of  the  proper  crystal. 
Narrowband  voice  modulation  (300  to  3,000  Hz)  can  be  transmitted  and  a 
majority  of  the  transmitters  have  provision  for  wideband  transmission  (100 
to  20,000  Hz).  The  carrier  rise  time  is  under  50  milliseconds  (ms)  for 
voice  or  data  transmission. 

Ground  receivers  typically  can  operate  on  any  of  the  25  kHz  channels 
in  the  116-152  MHz  band  by  insertion  of  the  proper  crystal.  Most  of  the 
equipment  is  capable  of  receiving  either  voice  or  data  transmissions.  Voice 
bandwidths  are  generally  300  to  3,000  Hz,  while  the  data  bandwidth  may  ex- 
tend from  300  to  25,000  Hz.  AGC  attack  times  for  the  ground  receivers  are 
typically  less  than  50  ms,  and  the  sensitivity  of  the  receivers  is  approxi- 
mately 3 |JV  (open  circuit)  for  10  dB  signal  plus  noise/noise  ratio  -- 
(s+n)/n. 

3.3.2  Avionics 

Both  general  aviation  (GA)  and  air  carrier  (CA)  avionics  are  of  inter- 
est. The  CA  equipment  is  representative  of  the  capabilities  that  can  be 
obtained  from  sophisticated  avionics,  while  the  GA  equipment  is  representa- 
tive of  the  capabilities  which  can  be  obtained  when  cost  is  a major  design 
constraint. 

3. 3. 2.1  Air  Carrier 

Air  carrier  avionic  equipments  are  built  to  specifications  established 
by  the  Airline  Electronic  Engineering  Committee.  Thus  the  VHF  avionics  spec- 
ifications for  each  carrier  are  very  similar  to  those  of  all  other  carriers. 

For  VHF  communications,  the  air  carriers  use  transceivers  that  are 
capcible  of  tuning  to  any  of  the  720  25-kHz  channels  in  the  118  to  139.975 
MHz  VHF  communications  band.  Transmitter  power  output  is  typically  30  watts 
amplitude  modulation  with  a continuous  duty  factor.  Provisions  for  both 
narrowband  voice  (300  to  3,000  Hz)  and  wideband  data  (300  to  20,000  Hz)  are 
incorporated  in  most  CA  transceivers.  The  carrier  rise  time  and  AGC  attack 
time  are  characteristically  less  than  50  ms.  Receiver  sensitivity  is 
approximately  3 microvolts  (UV)  (open  circuit)  for  10  dB  (s+n)/n. 

The  air  carriers  also  use  high-quality  VHF  navigation  receivers  for 
receiving  VHF  omni-range  (VOR)  and  instrument  landing  system  localizer  (ILS- 
LOC)  signals.  These  receivers  have  receiver  characteristics  similar  to 
those  of  the  VHF  transceivers  but  have  no  data  link  provisions. 
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3. 3. 2. 2 


General  Aviation 


General  aviation  VHF  equipment  capabilities  are  more  limited  them  those 
of  air  carrier  equipments.  The  GA  avionics  do  not  normally  include  provision 
for  data  link  operations. 

VHF  transceivers  are  used  for  communications.  The  equipment  is  capcible 
of  receiving  and  transmitting  narrowband  amplitude-modulated  voice  (300  to 
3,000  Hz) . The  transmitter  power  output  is  characteristically  20  watts  or 
less,  and  the  equipment  is  rated  for  operation  at  less  than  100  percent  duty 
factor.  Receive  sensitivity  for  the  GA  avionics  is  approximately  3 yv  for 
6 dB  (s+n)/n. 

Measurements  by  the  FAA  (Reference  7) on  three  modern  GA  transceivers 
indicated  that  the  GA  equipment  had  carrier  rise  times  under  50  ms  and  AGC 
attack  times  less  than  100  ms.  On  the  basis  of  these  measurements,  the 
FAA  concluded  that  two  of  the  three  GA  transceivers  were  suitable  (with 
some  audio  modification)  for  use  in  data  links  at  a rate  of  4,800  bits  per 
second. 

The  general  aviation  VHF  navigation  receivers  used  for  VOR  and  ILS-LOC 
reception  might  also  be  used  to  implement  an  uplink-only  data  link.  The 
specifications  for  these  receivers  are  similar  to  those  for  the  VHF 
communications  transceivers. 


3.4  DATA-TRANSFER  FORMAT 

Development  of  an  IPC  data  link  that  can  be  implemented  in  the  near 
future  requires  the  use  of  an  existing  data  link  or  the  development  of  a 
new  data  link  with  characteristics  that  are  compatible  with  existing  equip- 
ment technology.  The  most  important  data  link  characteristics  affecting 
VHF  equipment  design  are  bit  rate  and  modulation  type. 

3.4.1  Bit  Rates 


A bit  rate  of  2,400  bits  per  second  was  selected  to  develop  a data  link 
that  would  be  compatible  with  the  capabilities  of  all  ground  equijanent  and 
a majority  of  the  avionic  equipments  discussed  in  Section  3.3.  This  bit 
rate  is  compatible  with  the  narrowband  voice  audio  circuits  in  existing 
equipment.  A bit  rate  of  4,800  bits  per  second  was  selected  as  character- 
istic of  a higher -capacity  data  link.  This  rate  is  compatible  with  ground 
and  air  carrier  equipment  but  is  at  the  upper  limit  of  capaibility  of  exist- 
ing general  aviation  equipment.  A data  link  study  by  the  National  Aviation 
Facilities  Experimental  Center  (Reference  7)  has  shown,  however,  that  a 
number  of  the  existing  GA  designs  can  be  modified  to  support  a data  rate  of 
4,800  bits  per  second.  This  data  rate  should  not  present  a problem  in  a 
future  GA  design. 
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3.4.2  Modulation  Type 


Of  the  many  modulation  types  that  might  be  used  — including  pulse 
amplitude  modulation  (PAM) , pulse  position  modulation  (PPM) , and  minimum 
shift  Iteying  (MSK)*  --  differential  frequency  shift  keying  (DFSK)  was 
selected  for  purposes  of  this  study  since  it  has  been  demonstrated  in  the 
VHP  band  and  is  being  implemented  in  AGARS  at  a rate  of  2,400  bits  per 
second. 

The  DFSK  modulation  is  characterized  by  shifting  between  two  baseband 
frequencies,  with  one  frequency  equal  to  the  data  rate  and  the  second  fre- 
quency equal  to  one-h  f the  data  rate.  The  presence  of  a half-data-rate 
tone  indicates  a bit  :hange  from  the  previous  bit,  while  the  presence  of  a 
data-rate  tone  indica  es  no  bit  change.  Phase  continuity  is  maintained 
throughout  the  transm  ssion,  as  illustrated  in  Figure  3-2.  The  information 
represented  by  the  waveform  may  be  either  of  the  two  data  streams  (A&B) 
shown  below  the  waveform.  The  transmission  of  DFSK  requires  the  use  of  a 
fixed  "character  sync  sequence,  which  allows  the  receiver  to  determine  the 
value  of  the  first  da  a bit. 


Figure  3-2.  DFSK  SIGNAL  DESCRIPTION 


In  this  study,  the  2 , 400-bit-per-second  data  link  uses  baseband  fre- 
quencies of  2,400  and  1,200  Hz  and  the  4 , 800-bit-per-second  data  link  uses 
baseband  frequencies  of  4,800  and  2,400  Hz. 


3.5  GROUND  INTERROGATOR  IMPACT 

A ground-based  separation-assurance  system  must  have  the  ability  to 
predict  the  occurrence  of  a potential  conflict  and  to  identify  the  aircraft 
involved  so  that  they  may  be  given  instructions.  It  should  be  noted  that 
improvement  of  the  Air  Traffic  Control  Radar  Beacon  System  (ATCRBS) , 


‘Flight  tests  by  the  FAA  (Reference  8),  using  FAA  and  air  carrier  equipment, 
have  deomonstrated  MSK  operation  at  2,400  and  4,800  bits  per  second  with  an 
average  error  rate  near  5 x 10“^. 
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possibly  using  monopulse  or  selective  addressing  techniques,  is  required 
to  provide  this  information. 

With  the  present  ATCRBS,  the  ground  interrogators  receive  identity  and 
altitude  information  in  the  form  of  a digitally  coded  transmission  from  an 
aircraft  equipped  with  an  ATCRBS  transponder  and  encoding  altimeter.  Iden- 
tity replies  (mode  A)  and  altitude  replies  (mode  C)  received  by  one  or  more 
ground  interrogators  are  fed  into  a computer,  which  compares  the  position 
of  each  reply  with  previous  replies  to  develop  the  position,  altitude, 
velocity,  and  transponder  code  identity  of  the  aircraft.  Therefore,  all 
the  information  necessary  to  identify  a potential  conflict  between  mode  C 
aircraft  is  available  in  the  computer  and  can  be  related  to  the  assumed 
transponder  code  "address"  for  the  aircraft. 

In  this  study,  it  is  assumed  that  the  ground-based  surveillance  system 
will  have  been  sufficiently  improved  to  support  IPC  operation.  Therefore, 
improvements  to  the  surveillcmce  system  are  not  directly  addressed  in  the 
remainder  of  this  report. 
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CHAPTER  FOUR 


I 
I 
I 

I 

I DEVELOPMENT  OF 

IPC  HARDWARE  PERFORMANCE  REQUIREMENTS 

J 

The  performance  requirements  (i.e.,  data  rates,  transmitter/receiver 
turnaround  times,  and  channelization  requirements)  for  the  various  IPC  i 

alternatives  are  developed  in  this  chapter  on  the  basis  of  an  examination 
of  system  capability  as  a function  of  the  alternative  performance  charac- 
teristics. These  requirements  are  utilized  in  the  subsequent  chapters  to 
develop  the  hardware  designs  and  system  costs. 

The  analysis  process  followed  in  this  chapter  is  depicted  in  Figure 
4-1.  Alternative  performance  parameters  (e.g.,  data  rates)  are  defined  for 
the  various  IPC  concepts.  By  means  of  a channel-capacity  model,  the  com- 
munications characteristics  (i.e.  , channel  utilization  and  uplinlc  delay 
time)  are  computed  for  each  of  the  alternative  performance  parameters.  The 
computed  communications  characteristics  are  then  compared  with  the  communi- 
cations characteristics  desired  for  satisfactory  IPC  system  performance  to 
determine  which  of  the  alternative  performance  parameters  would  be  most 
appropriate.  One  set  of  performance  parameters  is  then  established  as  the 
minimal  set  of  parameters  required  for  the  subsequent  hardware  design  and 
cost  analyses. 

The  communications  capacity  model  is  described,  the  desired  communica- 
tions characteristics  are  defined,  and  the  calculated  communications  char- 
acteristics are  presented  for  each  of  the  alternatives.  The  performance 
requirements  resulting  from  analysis  of  each  of  the  concepts  are  summarized 
at  the  end  of  the  chapter. 

4.1  AIRCRAFT  DENSITY 

This  section  presents  a standard  aircraft  traffic  model  and,  in  combin- 
ation with  some  assumptions  concerning  ATC  operations,  derives  population- 
distribution  data  for  use  in  an  analytical  communications  capacity  model. 

4.1.1  Los  Angeles  Basin  Standard  1982  Traffic  Model 

j MITRE  Corporation,  under  contract  to  the  Office  of  Systems  Engineering 

Management  (OSEM)  of  the  FAA,  developed  a model  based  on  actual  1972  air  activ- 
ity in  a 60-nautical-mile  radius  cibout  the  Los  Angeles  International  Airport 
i (LAX) . An  extrapolation  to  1982  was  made  by  using  FAA  estimates  of  the 


i 
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Figure  4-1.  DEVELOPMENT  OF  HARDWARE  PERFORMANCE  REQUIREMENTS 


growth  in  various  categories  of  aircraft.  The  additional  traffic  was  then 
distributed  along  present  air  routes  to  increase  aircraft-density  factors . 
(Details  of  the  model  derivation  are  provided  in  Reference  9.) 
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The  results  of  the  model  exercise  indicate  that  in  1982  an  expected 
peak  of  806  aircraft  of  various  types  is  distributed  within  a 60-nautical- 
mile  radius  of  LAX.  Table  4-1  shows  the  relative  distribution  of  aircraft 
and  their  location  (altitude  and  downfield  distance)  from  LAX. 


Table  4-1.  DISTRIBUTION  OF  LOS  ANGELES  BASIN  TRAFFIC  FROM 
STATISTICAL  MODEL 


Number  and  Types  of  Aircraft  (A/C)  at  Different  Altitudes 


DRD* 

0-10 

DRD 

10-20 

DRD 

20-30 

DRD 

30-40 

DRD 

40-50 



DRD 

50-60 

Totals 

Altitude  above  15,000  feet  MSL 

0 A/C 

2 A/C: 
CAyl 

MIL-1 

4 A/C: 
CA-3 

MIL-1 

6 A/C: 
GA-1 

CA-4 

MIL-1 

3 A/C: 
CA-2 

MIL-1 

1 A/C 
(MIL) 

16  A/C: 
GA-1 

CA-10 

MIL-5 

Altitude  between  10,000  and  15,000  feet  MSL 

1 A/C 
(GA) 

4 A/C: 
GA-2 

CA-1 

MIL-1 

3 A/C: 
GA-1 

CA-1 

MIL-1 

6 A/C: 
GA-1 

CA-5 

1 A/C 
(GA) 

1 A/C 
(GA) 

16  A/C: 
GA-7 

CA-7 

MIL-2 

Altitude  between  5,000  and  10,000  feet  MSL 

22  A/C: 

GA-21 

CA-0 

MIL-1 

52  A/C: 
GA-50 

CA-1 

MIL-1 

52  A/C: 
GA-50 

CA-1 

MIL-1 



25  A/C: 
GA-2  3 

CA-1 

MIL-1 

18  A/C: 

GA-16 

CA-1 

MIL-1 



9 A/C: 
(GA) 

178  A/C: 

GA-169 

CA-4 

MIL-5 

Altitude  below  5,000  feet  MSL 

79  A/C: 

GA-74 

CA-4 

MIL-1 

190  A/C: 
GA-183 

CA-4 

MIL- 3 

145  A/C: 
GA-1 39 
CA-3 

MIL-3 

111  A/C: 

GA-109 

CA-1 

MIL-1 

56  A/C: 
(GA) 

15  A/C: 
(GA) 

596  A/C: 
GA-576 
CA-1 2 
MIL-8 

*DRD  = downfield  radial  distance  from  Los  Angeles  Airport  in  nautical 
miles . 


Key:  GA  - General  Aviation;  CA  - Commercial  Aviation;  MIL  - Military 

Aviation 


The  population  classifications  included  in  the  model  and  summarized 
in  Table  4-1  are  as  follows : 

• Commercial  Aviation  (CA)  - defined  as  air  carriers  holding  a Cer- 
tificate of  Public  Convenience  and  Necessity  issued  by  the  Civil 
Aeronautics  Board  to  conduct  scheduled  services  over  specified 
routes  and  a limited  number  of  nonscheduled  operations. 

• General  Aviation  (GA)  - extending  from  the  large,  pure- jet  cargo 
fleets,  through  executive  and  corporate  aircraft,  to  air  taxis  and 
privately  owned  pleasure  aircraft. 

• Military  Aviation  (MIL)  - including  all  military  transports  and 
other  nontransport  DoD  aircraft. 

The  distribution  of  traffic  from  this  model  is  needed  to  simulate  the 
level  of  air  traffic  operations  envisioned  as  typical  for  the  1980s.  This 
level  can  be  directly  related  to  the  amount  of  routine  ATC  communications, 
company  communications  of  commercial  air  carriers,  and  the  need  for  emergency 
separation-assurance  communications.  Therefore,  the  total  message  volume 
of  any  message  type  under  consideration  can  be  estimated  by  multiplying  a 
unit  aircraft  message  rate  by  the  number  of  aircraft  capable  of  receiving 
or  currently  participating  in  that  class  of  communications.  To  determine 
the  unit  message  rates,  as  well  as  the  number  of  aircraft  available  for 
receipt  of  and  the  number  participating  in  a particular  class  of  communi- 
cations, the  traffic  distribution  of  Table  4-1  must  be  further  refined. 

The  first  refinement  is  the  identification  and  distribution  of  aircraft 
contained  within  the  LAX  Terminal  Control  Area  (TCA) . 

4.1.2  Aircraft  Distribution  in  Los  Angeles  Basin  and  Terminal  Control  Area 
(TCA) 


Figure  4-2  closely  approximates  the  spatial  and  maximum/minimum  flight- 
level  restrictions  of  the  actual  TCA  of  Los  Angeles  International.  The 
accompanying  distribution  of  aircraft  types  by  sector  was  derived  by  using 
the  statistical  information  in  Table  4-1,  recognizing  a high  concentration 
of  commercial  and  military  aviation  will  exist  along  arrival  and  departure 
routes.  In  accordance  with  normal  flight  procedures, a maximum  of  76  air- 
craft in  the  TCA  are  assumed  to  be  either  arrivals  or  departures.  Of  these 
76  aircraft,  57  are  assumed  to  be  general  aviation,  the  remainder  being 
comp>osed  of  military  and  commercial  aviation.  All  traffic  above  10,000' 

MSL*  is  assumed  to  be  en  route  IFR  aircraft.  The  323  general  aviation  air- 
craft below  10,000'  MSL  and  outside  the  TCA  are  of  various  classifications 
and  are  discussed  in  Section  4.1.3.  The  remaining  general  aviation  aircraft 
are  assumed  to  be  in  VFR  Highways  within  the  Los  Angeles  Basin.  Table 
4-2  shows  the  traffic  distribution  resulting  from  this  first  series  of 
assumptions . 


, *Mean  Sea  Level. 
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Table  4-2.  ASSUMED  TRAFFIC  DISTRIBUTION  OF 

LOS  ANGELES  BASIN  TRAFFIC  MODEL 

Airspace 

Number  of  Aircraft  by 
Aviation  Class 

Commercial 

General 

Military 

TCA  (260  Total  Aircraft) 

Arrivals  and  Departures 

12 

57 

7 

Other  Aircraft  within  TCA 

- 

184 

- 

En  Route  (32  Total  Aircraft) 
(over  10,000'  MSL) 

17 

8 

7 

Mixed  (333  Total  Aircraft) 

4 

323 

6 

VFR  Highways  (181  Total 
Aircraft) 

- 

181 

- 

4.1.3  Assumptions  Concerning  Data  Link  Implementation  Versus  Aviation  Class 

The  location  and  type  of  aircraft  distributed  throughout  the  Los  Angeles 
Basin  were  developed  in  Sections  4.1.1  and  4.1.2.  This  section  relates  per- 
tinent equipment  characteristics  with  ATC  operations  and  procedures  and  FAA 
estimates  of  aircraft  avionics  capabilities.  Each  category  of  aircraft 
(commercial  air  carriers,  military,  general  aviation)  is  examined  separately, 
with  a discussion  of  the  implementation  of  avionics  to  support  either  an  IPC 
VHF  or  ACARS  data  link.  The  results  of  this  section  are  used  to  justify  the 
excunination  of  discrete  percentage  levels  of  aircraft  in  the  Los  Angeles 
Basin  as  IPC-  or  ACAKS -equipped . 

Although  the  commercial  air  carriers  do  not  constantly  retrofit  their 
aircraft  with  state-of-the-art  avionic  equipment,  they  are  expected  to  pos- 
sess a higher  quality  of  equipment  than  that  used  by  most  general  aviation 
aircraft.  It  is  assumed  that  all  commercial  air  carriers  will  implement  the 
additional  avionics  should  cui  IPC  VHF  data  link  be  initiated  by  the  FAA. 

The  implementation  of  a company  communications  data  link  (ACARS)  is  receiving 
considereible  attention  from  most  air  carriers  and  may  ultimately  provide  the 
service  to  all  commercial  air  carriers.  Not  all  military  aircraft  are 
expected  to  incorporate  an  IPC  VHF  data  link  as  standard  avionics.  Indica- 
tions are  that  the  Military  Airlift  Commauid  (MAC)  fleet  will  include  an  IPC 
data  link  since  MAC  currently  uses  many  of  the  same  facilities,  equipment 
configurations,  and  flight  paths  as  the  commercial  aviation  population.  An 
assumption  that  50  percent  (10  of  the  20)  military  aircraft  in  the  LAX  Basin 
are  MAC  aircraft  yields  a conservative  estimate  of  the  maximum  loading  of 
the  IPC  data  link.  The  remaining  10  military  aircraft  are  assumed  to  be 
in  local  operations  in  the  vicinity  of  area  military  bases  (such  as  Point 
Mugu,  Edwards  AFB,  NAS  Los  Alamitos,  etc.).  The  general  aviation  population 
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is  composed  of  privately  owned  pleasure  aircraft,  as  well  as  an  assortment 
of  high-performance  aircraft  such  as  large  pure-jet  cargo  aircraft,  air- 
taxis,  and  executive/corporate  aircraft.  Approximately  10  percent  (72 
aircraft)  of  the  latter  categories  are  expected  to  represent  possible  users 
of  the  ACARS  data  link  network.*  Projections  of  avionics  capabilities 
(Reference  10)  of  general  aviation  outside  the  TCA  and  below  10,000  feet 
MSL  indicate  that  at  least  15  percent  of  these  aircraft  can  be  expected  to 
be  retrofitted  for  IPC.  This  15  percent  is  representative  of  the  above- 
mentioned  high-performance  general  aviation  and  an  additional  5 percent 
of  limited-performcuice  privately  owned  aircraft. 

Los  Angeles  International  Airport  is  classified  as  a Group  I TCA,  a 
rating  requiring  that  all  aircraft  entering  the  TCA  contain  a transponder 
with  Mode  C capability. 

Table  4-3  summarizes  these  facts  and  assumptions.  It  also  indicates 
that  the  number  of  aircraft  equipped  for  data  link  coimnunications  need  not 
equal  the  total  number  of  aircraft  in  the  area.  An  exaimple  is  that,  of  the 


Table  4-3.  ASSUMED  AVIONICS  CAPABILITY  OF  AIRCRAFT  IN  THE 
LOS  ANGELES  BASIN  MODEL 


Aviation  Class 
and  Status 

Avionics  Capcibility 

(Number  of 

Aircraft) 

IPC 

ACARS 

Equipped 

Not  Equipped 

Equipped 

Not  Equipped 

Conmercial 

TCA 

12 

- 

12 

- 

En  Route 

17 

- 

17 

- 

Mixed 

4 

- 

4 

- 

General 

TCA 

241 

- 

- 

241 

En  Route 

8 

- 

8 

- 

Mixed 

50 

273 

- 

323 

VFR  Highway 

27 

154 

- 

181 

Military 

TCA 

7 

- 

- 

7 

En  Route 

3 

4 

- 

7 

Mixed 

- 

6 

- 

6 

Total 

369 

437 

41* 

765 

*An  additional  64  high-performance  general  aviation  aircraft 
are  expected  eventually  to  be  equipped  for  ACARS  comnunlcation. 


♦The  assumption  of  high-performance  general  aviation  aircraft  equipping  for 
ACARS  is  based  on  the  fact  that  a large  percentage  of  these  aircraft  are 
currently  users  of  the  ARINC  VHF  radio  network. 
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peak  count  of  806  aircraft  within  the  total  Los  Angeles  Basin  at  any  instant, 
at  least  45  percent  will  be  expected  to  have  IPC  equipment  in  1982.  The 
sensitivity  of  the  system  concepts  to  the  number  of  users  was  evaluated  by 
exercising  the  analytical  model  for  the  45  percent,  65  percent,  and  100 
percent  IPC-equipped  cases. 


4 . 2 MESSAGE-ARRIVAL  RATE 

This  section  presents  estimates  of  message  arrivals  per  aircraft  as  a 
function  of  the  airspace  or  service  with  which  an  aircraft  is  associated. 
Both  IPC  and  ACARS  message-arrival  rates  are  incorporated  into  the  communi- 
cations capacity  model  described  in  Section  4.3.  The  generated  IPC  message- 
arrival  rates  will  be  applied  to  a varying  aircraft  population  during  the 
analyses  of  all  the  proposed  system  concepts  and  implementation  options 
described  in  Chapter  Two.  The  number  of  potential  messages  is  related  to 
the  total  number  of  aircraft,  while  the  number  of  actual  messages  will  be 
a smaller  percentage  depending  on  the  extent  to  which  the  aircraft  popula- 
tion is  IPC-equipped.  The  ACARS  message-arrival  rate  developed  will  be  used 
on  a selected  population  in  the  analysis  of  the  IPC/ACARS  proposed  system 
concept  and  Implementation  Concepts  1 and  2 of  Table  2-1 . 

4.2.1  IPC  Message-Arrival  Rates 


IPC  commands  will  eventually  be  generated  according  to  separation- 
assurance  algorithms  that  are  still  undergoing  development.  These  algo- 
rithms will  reside  in  the  ground  IPC  computer  facilities  and  will  consist 
of  a series  of  software  programs  to  calculate  probcible  collision  situations 
on  the  basis  of  the  received  surveillance  data  and  certain  constraints. 
Constraints  such  as  warning  range,  maximum  allowed  accelerations,  and  min- 
imum warning  times  lor  situations  involving  various  aircraft  types  are  still 
being  investigated  to  yield  a set  of  avoidance  maneuvers  and  logic  that  is 
functionally  capable  for  a maximum  of  situations. 

Reference  11  postulates  a simple  version  of  the  IPC  algorithms  and 
associated  parameters  for  use  in  channel  analysis.  The  IPC  command  in  this 
simplified  version  of  the  algorithm  is  issued  when  two  aircraft  are  predicted 
to  come  within  2000  feet  horizontal  or  500  feet  vertical  miss  distances , and 
it  is  issued  with  a warning  time  of  30  seconds  prior  to  collision.  The 
algorithm  calculates  separation  violations  on  the  basis  of  instantaneous 
surveillance  data,  accounting  for  surveillance  errors  in  speed,  heading, 
position,  and  altitude,  and  ignores  possible  preplanned  maneuvers  by  the 
aircraft  within  the  warning  time. 

Figure  4-3  (reproduced  from  Reference  11)  indicates  the  number  of  IPC 
command  messages  per  aircraft  per  minute  as  a function  of  the  aunount  of 
traffic  in  the  area.  This  figure  was  developed  by  computing  the  expected 
conflict  rate  and  assuming  that  each  conflict  requires  two  commands  per 
aircraft  for  resolution.  The  conflict  rate  was  derived  by  use  of  the 
horizontal/vertical  miss  distances  and  warning  time  stated  in  the  simplified 
IPC  algorithm. 
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Number  of  Aircraft  in  Area 

Figure  4-3.  IPC  MESSAGE-ARRIVAL  RATES 

(Reproduced  from  Reference  11) 


4.2.2  ACARS  Message-Arrival  Rates 

Message-arrival  rates  have  not  been  generated  specifically  for  expected 
ACARS  traffic.  Analysis  of  quarterly  ARINC  network  air-ground  contacts 
indicates  that  the  approximate  message  rate  derived  from  Table  4-4  can  be 
justified.  This  table  estimates  the  expected  ACARS  message  types  and  text 
lengths  of  probable  traffic  during  a one-hour  flight.  Table  4-4  yields  an 
average  message-text  length  of  89  characters  and  a mean  message-arrival  rate 
of  0.19  message  per  aircraft  per  minute. 


Table  4-4.  ACARS  MESSAGE  GENERATION  PER  AIRCRAFT  IN  ONE-HOUR  FLIGHT 


Message  Type 

Number  of 
Messages 

Average  Number  of 
Characters  (Text) 

Total 

Characters 

Position  Reports 

3.0 

35 

105 

Departure/Arrival  Reports 

2.0 

40 

80 

Maintenance  Reports 

2.0 

15 

30 

Seat  Occupancy 

1.0 

400 

400 

Special  Services 

0.1 

1000 

100 

Airline/Hotel  Reservations 

2.0 

90 

180 

Passenger  Communications 

1.0 

90 

90 

Total 

11.1 

985 

4.3  COMMUNICATIONS-CAPACITY  MODEL  OF  THE  VHF  DATA  LINK 

To  permit  comparison  of  the  various  scenarios,  an  analytical  model  of 
data  link  channel  capacity  was  developed.  This  model  permits  the  priority 
ordering  of  both  uplink  and  downlink  messages  and  is  applicable  to  all 
scenarios  proposed. 

Parameters  of  the  model  are  the  equipment  characteristics  and  the  bit 
rates  discussed  in  Sections  3.4  and  3.5,  respectively;  the  message  lengths 
developed  in  Section  3.3;  and  the  mean  message-arrival  rates  developed  in 
Section  4.2.  The  parameter  sets  used  in  the  mathematical  model  exhibit 
the  influence  of  equipment  delay  and  bit  rate  on  channel  capacity  and  total 
channel  delay  times . The  variable  throughout  the  equations  of  the  model  is 
the  total  number  of  aircraft  in  the  area.  Consideration  has  been  given  to 
the  data  of  Tadjle  4-3  and  the  fact  that  the  aircraft  equipped  for  data  link 
communications  need  not  equal  the  total  aircraft  in  the  area.  The  model 
incorporates  factors  that  compute  the  IPC  conflict  rate  associated  with  the 
aircraft  total  but  calculates  the  resulting  transmission  load  on  the  basis 
of  factors  related  to  Table  4-3,  the  equipped  aircraft,  and  the  probability 
that  one  or  both  aircraft  in  a conflict  situation  will  be  IPC-equipped . 

ACARS  traffic  is  a function  of  commercial  air  carrier  and  high-performance 

general  aviation  aircraft  in  the  area.  The  quantity  of  aircraft  generating 

ACARS  communications  traffic  is  bounded  by  minimum  and  maximum  percentages  ' 

of  aircraft  being  equipped  for  ACARS  service.  These  percentages  are  assumed 

to  be  constant  as  N (total  number  of  aircraft)  varies.  Through  a series  of  i 

nonlinear  equations  derived  from  queuing  theory  techniques  (simulating  ) 

priority-ordered  systems) , the  total  channel  utilization  and  fractional 

utilization  attributed  to  each  message  type  is  calculated.  Also  calculated  - 

I 

♦ 
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are  the  means  of  service  time,  waiting  time,  and  number  of  messages  waiting 
for  each  message  type,  together  with  the  standard  deviation  of  waiting  time 
per  message  type. 

The  mean  waiting  time  and  the  standard  deviation  of  waiting  time  are 
then  used  in  a probcibility  calculation.  The  normal  distribution  is  used  as 
an  upper  bound  in  calculating  the  time  necessary  to  ensure  with  .99  proba- 
bility that  generated  IPC  messages  have  been  delivered  to  the  avionics . 

This  time  duration  is  called  IPC  uplink  channel  delay  and,  with  the  total 
channel  utilization  results,  is  plotted  for  varying  numbers  of  aircraft 
for  each  parameter  set  and  communications  concept  to  illustrate  the  major 
indicators  of  channel  responsiveness  and  availability. 

Appendix  B of  this  report  contains  the  development  and  identification 
of  the  parameters  and  variables,  the  equations,  and  the  computer  listing  of 
the  model.  It  should  be  noted  that  the  model  does  not  take  into  account 
the  retransmission  of  IPC  messages  necessitated  by  the  occurrence  of  bit 
errors  in  the  initial  transmission.  However,  the  impact  of  such  transmis- 
sions on  the  operation  of  the  VHP  data  links  is  predicted  to  be  negligible. 
Calculations  indicate  that  the  probabilities  of  initially  receiving  an  IPC 
message  correctly  in  a dedicated  VHP  duplex  system  are  0.9969  and  0.9957, 
respectively,  for  2400-bps  and  4800-bps  transmission  rates  with  assumed  bit 
error  rates  of  5.5  x 10“^  and  7.7  x 10~^.  The  use  of  repetitive  transmis- 
sions (as  proposed  in  Section  2.2.2)  in  the  dedicated  VHP  one-way  data  link 
concept  results  in  a probability  of  0.999  that  at  least  one  IPC  message  of 
a transmitted  "string"  of  three  will  be  received  correctly  for  both  2400-bps 
and  4800-bps  rates.  Por  a transmission  rate  of  2400-bps,  initial  IPC  mes- 
sages are  received  correctly  over  the  IPC/ACARS  data  link  with  a probability 
of  0.9899.  Therefore,  the  percentage  of  retransmissions  will  be  very  small, 
and  the  error-detection  features  will  prevent  the  display  of  erroneous 
commands . 


4.4  DESIRED  COMMUNICATIONS  CHARACTERISTICS 

The  desired  communications  characteristics  of  an  IPC  VHP  data  link  are 
now  formulated  to  provide  the  guidelines  needed  to  determine  the  admissible 
equipment  parameters  and  system  requirements  for  each  proposed  data  link 
concept  and  implementation  option.  The  characteristics  that  should  be 
examined  to  determine  the  practicability  of  a digital  communications  system 
are  the  initial  performance  at  implementation  time,  growth  potential,  and 
stability  of  operation  of  the  link.  These  characteristics  can  be  qualita- 
tively analyzed  by  examining  the  output  of  the  communications  capacity  model 

The  computer  model  is  exercised  for  increments  of  50  aircraft  in 
the  area.  Varying  the  total  number  of  aircraft  in  the  area  from  50 
through  900  provides  the  data  for  correlating  the  hourly  fluctuations  of 
traffic  density  in  an  area  to  the  probable  operating  boundaries  of  channel 
utilization  and  channel  delay  for  the  IPC  system.  The  upper  limit  of  900 
aircraft  used  in  the  communications  model  is  related  to  the  1982  peak  Los 
Angeles  Basin  traffic  level  and  includes  an  additional  100  aircraft  to 
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account  for  some  of  the  impact  due  to  overlapping  IPC  coverage  areas.  The 
Los  Angeles  traffic  model  has  been  assessed  as  representing  the  worst-case 
peak  traffic  environment  envisioned  for  terminal  areas  for  the  1980s.  This 
analysis,  therefore,  assumed  that  nationwide  implementation  of  an  IPC  data 
link  would  not  be  subjected  to  near-term  peak  terminal -area  traffic  densities 
greater  than  those  considered  by  the  study. 

Initial  performcuice  will  be  judged  by  the  ability  of  a proposed  system 
to  handle  the  expected  level  of  IPC-equipped  aircraft  of  the  early  1980s. 

This  capacity  is  measured  by  the  results  of  the  communications  model  when 
exercised  within  the  constraint  of  45  percent  of  the  aircraft  population 
being  equipped  with  IPC. 

Growth  potential  for  the  dedicated-IPC-link  concepts  will  be  measured 
through  conclusions  drawn  from  the  65  percent  and  100  percent  IPC-equipped 
analyses;  for  the  IPC/ACARS  concepts,  the  measurement  will  be  based  on  the 
probable  operating  region  with  an  upper  bound  of  IPC  and  ACARS  use.  These 
figures  do  not  increase  the  aircraft  density  in  an  area  but  are  representa- 
tive of  an  increase  in  the  number  of  aircraft  retrofitting  for  participation 
in  an  implemented  IPC  system.  Stability  of  operation  of  a concept  is  qual- 
itatively defined  as  the  ability  to  accept  small  numbers  of  additional  air- 
craft into  the  system  without  drastically  affecting  channel  utilization  or 
channel  delay  time.  Ranges  of  stability  of  operation  for  the  concepts  are 
therefore  dependent  on  the  behavior  of  both  fcimilies  of  graphs  (presented 
in  Section  4.5.1).  Since  both  families  of  graphs  exhibit  an  exponential 
behavior,  the  optimal  operating  regions  are  those  in  which  the  extremely 
rapid  growth  typical  of  exponentials  is  not  present. 

In  any  event,  total  channel  utilization  and  delay  times  should  not 
exceed  70  percent  and  2 seconds,  respectively.  The  channel  utilization 
figure  is  a conservative  estimate  of  the  system  operation  attainable  with 
current  avionic  and  ground  equipment  reliability  and  duty-cycle  factors. 

The  maximum  channel  delay  time  of  2 seconds  is  equivalent  to  expected  mean 
delay  times  in  providing  similar  separation-assurance  information  to  air- 
craft by  different  data  link  concepts. 

These  constraints  can  be  applied  to  the  communications  system  concepts 
based  on  one  nationwide  uplink  frequency  or  based  on  altitude  banding  of 
the  IPC  traffic.  The  four-frequency  altitude-banding  concept  discussed  in 
Chapter  Two  was  advanced  to  reduce  traffic  demand  on  a proposed  channel- 
management  technique.  In  this  concept,  the  effective  maximum  number  of  air- 
craft generating  IPC  commands  and  being  handled  by  a single  frequency  is 
smaller  than  the  total  number  of  aircraft  in  the  area.  Therefore,  the  chan- 
nel capacity  of  each  of  the  altitude  bands  must  be  sufficient  only  to  sustain 
the  maximum  number  of  aircraft  expected  in  the  most  heavily  traveled  altitude 
band.  The  number  of  flight  levels  to  be  handled  by  each  channel  is  not 
specified  in  this  report.  The  method  used  to  approximate  the  reduction  in 
channel  utilization  and  delay  time  due  to  altitude  banding  is  outlined  in 
Appendix  C. 


4.5  APPLICATION  OF  ANALYTICAL  MODEL 


The  mathematical  model  computes  the  channel  capacities  for  each  imple- 
mentation scheme  and  system  concept  by  exercising  the  data  link  character- 
istics, message-arrival  rates,  and  equipment  data  link  capabilities.  The 
parcimeter  sets  used  in  each  exercise  of  the  channel-capacity  model  are  given 
in  Table  4-5.  These  three  sets  of  equipment  characteristics  are  represen- 
tative of  equipment  currently  in  use  by  the  ATC  system  and  the  aviation 
communities  and  are  derived  from  the  discussions  of  Section  3.3  and  Section 
3.4.  The  varying  of  results  caused  by  the  use  of  these  parameter  sets  will 
provide  insight  into  the  sensitivity  of  channel  capacity  to  data  link  equip- 
ment characteristics.  Factors  relating  the  avionic  IPC  data  link  implementa- 
tion to  the  total  aviation  community  of  the  Los  Angeles  Basin  were  developed 
by  the  model  discussed  in  Appendix  B from  the  data  of  Table  4-3.  The  factors 
are  based  on  TOS  capability  for  45  percent,  65  percent,  and  100  percent  of 
the  aircraft  in  an  area.  The  inputs  of  each  concept  are  the  types,  lengths, 
and  priority  ordering  of  each  message  on  the  link. 


Table  4-5.  PARAMETER-SET  DATA 

Parameter 

Set 

Bit  Rate 
(bps) 

Equipment  Delay  Times 
(Seconds)*  as  Seen  by: 

Performance  Comments 

Avionics 

Ground 

A 

2400 

0.15 

0.1 

Can  be  obtained  with  all 
of  today's  equipment. 

B 

4800 

0.15 

0.1 

Obtainable  with  most  of 
today's  equipment. 

C 

4800 

0.08 

J 

0.05 

Typical  for  CA  avionics 
and  FAA  ground  equipment 

*Correlation  of  these 
presented  in  Appendix 

data  with  those  of  Sections  3.3  and  3.4  is 

B. 

Each  of  the  following  subsections  is  directed  toward  a particular  im- 
plementation scheme  or  system  concept  and  examines  the  implications  of  two 
families  of  graphs.  The  first  family  of  graphs  depict  total  channel  utili- 
zation versus  total  number  of  aircraft  in  the  area.  The  second  family  of 
graphs  consists  of  plots  of  the  IPC  uplink  channel  delay  time  versus  total 
number  of  aircraft  in  the  area  — given  that  the  probability  of  the  generated 
IPC  command  being  transmitted  to  and  processed  by  the  avionics  within  this 
time  must  equal  0.99.  The  six  graphs  presented  for  each  concept  (three- 
channel  utilization,  and  three-channel  delay)  are  paired  according  to  the 
parcuneter  set  that  was  used  in  developing  the  computer  model  results. 
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The  results  of  the  analytical  model  indicate  that  for  each  concept 
proposed,  there  exists  at  least  one  of  the  parameter  sets  of  Table  4-5  for 
which  the  channel-management  scheme  and  system  configuration  of  the  concept 
could  successfully  be  implemented  to  handle  the  expected  initial  IPC  com- 
munications of  the  1982  traffic  model.  The  economic  analyses  (Chapter  Five) 
provide  the  unit  avionics  costs,  which  are  dependent  on  the  avionic  equip- 
ment performance  parameters  necessary  to  implement  each  IPC  concept. 

The  derivation  and  source  of  the  data  used  for  each  scenario  are 
explained  in  Appendix  B. 

4.5.1  Case  1:  Dedicated  IPC  VHF  Data  Link  Handling  All  Aviation  Classes 

4. 5.1.1  One-Way  Link 

Figures  4-4  through  4-6  were  developed  under  the  constraints  of  an  IPC 
dedicated  one-way  data  link.  To  improve  the  probability  that  IPC  commands 
received  by  the  aircraft  will  be  properly  decoded,  each  transmission  is  com- 
posed of  three  consecutive  IPC  message  formats,  including  the  IPC  text 
(command),  aircraft  address,  block  check  sequence  (BCS) , and  remaining 
overhead  bits  of  the  message.  Qualitative  judgments  of  the  model's  output 
for  the  dedicated  one-way  IPC  data  link  can  be  drawn  for  both  the  concept 
of  a single  nationwide  channel  and  the  concept  of  a set  of  four  altitude- 
banded  nationwide  channels. 

A single  nationwide  frequency  should  be  implemented  only  on  channels 
that  exhibit  the  capability  for  "vertical  growth"  — the  ability  of  the 
channel  (i.e.,  the  system)  to  provide  sufficient  IPC  service  to  a given 
area  as  the  percentage  of  aircraft  seeking  the  service  increase.  Figure  4-4 
indicates  that  the  use  of  existing  equipment  characteristics  and  a bit  rate 
of  2400  bps  (parameter  Set  A of  Table  4-5)  can  initially  handle  the  expected 
peak  load  of  360  IPC-equipped  aircraft  out  of  the  800  in  the  Los  Angeles 
Basin.  The  growth  capability  and  overlap  surveillance  capability,  however, 
are  limited  because  of  severe  problems  in  stability  of  operation.  These 
problems  are  typified  by  the  increases  in  channel  utilization  (for  N=800, 
P45%  " 0.47,  P65%  = 0.66,  and  Pioo%  — and,  more  important,  the  projection 
of  large  channel  delay  times  greater  than  10  seconds  for  the  generation, 
transmission,  and  receipt  of  an  IPC  command  in  an  800-aircraft  environment 
with  100  percent  IPC-equipped. 

Figure  4-5,  developed  from  parameter  set  B,  indicates  the  sensitivity 
o'  the  data  link  to  bit  rate  alone.  Figure  4-5 (a)  indicates  improvement 
xii  channel-utilization  factors  over  analogous  points  of  Figure  4-4 (a) 

(i.e.,  at  800  aircraft:  Pioo%  “ 0.80  for  parameter  Set  B,  as  compared 
with  PioO%  — ^ parameter  Set  A).  Figure  4-5 (b)  identifies  the  N=800 
aircraft  level  of  both  the  65  percent  and  100  percent  IPC-equipped  curves 
as  areas  of  unstable  operating  regions  for  channel  delay  times,  limiting 
the  time  responsiveness  and  system  effectiveness  at  these  levels. 
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Figure  4-4.  CHANNEL  UTILIZATION  AND  DELAY  OF  DEDICATED  IPC  ONE-WAY  DATA  LINK 
(PARAMETER  SET  A) 


The  results  of  using  parauneter  Set  C in  the  computer  model  are  shown 
in  Figure  4-6.  The  graphs  indicate,  not  only  for  this  channel -management 
scheme  but  for  all  scenarios,  that  the  key  factors  leading  to  significant 
improvement  in  utilization  and  time  delay  are  the  shorter  avionic  and 
ground  equipment  delay  times  typified  by  parameter  Set  C.  Figure  4-6 
indicates  that  a dedicated  one-way  IPC  VHF  data  link  composed  of  modified 
current  FAA  ground  equipment  and  avionics  equivalent  to  current  air  carrier 
specifications  could  sustain  at  least  800  aircraft  that  are  100  percent 
IPC-equipped  and  exhibit  stable,  acceptable  channel  utilization  (p]^oo%  ~ 
and  channel  delay  times  (approximately  0.78  seconds). 

Altitude  banding  with  four  frequencies,  each  capable  of  sustaining  30 
percent  to  75  percent  of  the  total  communications,  has  the  effect  of  more 
than  doubling  the  maximum  total  traffic  density  at  which  system  saturation 
occurs*.  Calculations  made  from  Figure  4-5  indicate  probable  performance 
characteristics  of  channel  utilization  and  delay  times  (under  the  concept 
of  altitude  banding)  within  the  desired  limits  of  Section  4.4.  The  impact 
of  this  improvement  can  be  appreciated  by  considering  the  fact  that  equip- 
ment currently  used  by  most  general  aviation  aircraft  (equipment  that  is 
well  within  the  specifications  of  commercial  air  carriers)  can  be  modified 
to  support  a data  link  of  sufficient  capacity  and  stability  to  sustain  the 
expected  message  traffic  well  beyond  that  predicted  by  the  1982  Los  Angeles 
Basin  traffic  model  and  tliis  analysis.  Therefore,  it  is  possible  to  use 
either  a one-channel  parameter  Set  C or  a multi-channel  parameter  Set  B 
design  in  configuring  a one-way  IPC  data  link. 

4 . 5 . 1 . 2 Duplex  Link 

Figures  4-7  through  4-9  were  developed  by  considering  the  two-way 
(duplex)  configuration  of  the  dedicated  IPC  data  link  concept.  Because 
there  is  some  form  of  acknowledgment  by  the  aircraft  of  receipt  of  an  IPC 
command,  the  condition  of  repetitive  transmissions  present  in  the  one-way 
case  was  eliminated.  The  longest  IPC  message  reply  discussed  in  Section  3.2 
was  the  same  length  as  the  IPC  uplink  command.  This  symmetry  of  message 
traffic  implies  that  the  channel  utilization  and  channel  delay  time  on  the 
downlink  can  be  no  more  than  on  the  uplink  for  any  given  traffic  density. 

The  graphs  of  Figures  4-7  through  4-9,  therefore,  represent  only  the  uplink 
message  loads.  A qualitative  analysis  similar  to  that  for  the  one-way  link 
was  performed  for  a dedicated  VHF  duplex  IPC  data  link. 

The  curves  of  Figures  4-7  and  4-8  indicated  sufficient  improvement  over 
the  analogous  one-way  link  curves  (Figures  4-4  and  4-5)  to  be  considered  for 
initial  implementation  as  a nationwide  single-uplink-channel  data  link.  To 
ensure  stcible  growth  potential  for  IPC-equipped  populations  greater  than 
65  percent  of  the  area  total  aircraft  traffic,  some  form  of  modification  to 
channel  management,  data  link  characteristics,  or  IPC  warning  time  would 
be  necessary.  However,  Figure  4-9  indicates  that  none  of  these  modifications 
need  be  considered  if  the  duplex  link  is  constructed  of  equipment  possessing 
the  capability  defined  by  parameteW|^et  C. 


*Less  than  a four-fold  improvement  is  realized  because  of  the  nonlinear 
relationship  between  conflict  generation  and  aircraft  density. 
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Altitude  banding  of  the  duplex  option  provides  a solution  to  the 
channel-saturation  problem  indicated  in  Figures  4-7  and  4-8.  With  this 
technique,  it  is  possible  to  avoid  unacceptable  channel  delay  times  and 
high  channel  utilization  factors  and  still  provide  IPC  to  potentially  all 
aircraft  with  equipment  currently  in  use  (parameter  Sets  A and  B) . The 
data  of  Figure  4-7  can  be  used  to  show  that  a 25  percent  improvement  in 
channel  utilization  and  a 45  percent  improvement  in  channel  delay  time 
will  be  realized  if  operations  are  switched  from  a single  frequency  to  a 
set  of  four  altitude-banded  frequencies  (see  Appendix  C) . As  discussed 
in  Subsection  4. 5. 1.1,  long-term  capability  of  a single  uplink  nationwide 
VHF  frequency  for  use  by  an  IPC  duplex  data  link  can  be  provided  only  through 
use  of  parameter  Set  C characteristics,  whereas  multi-channel  altitude  banding 
can  be  designed  with  parameter  Set  A characteristics. 

4.5.2  Case  2;  IPC/ACARS  VHF  Data  Link  Handling  All  Aviation  Classes 

Figures  4-10  through  4-12  were  developed  under  the  constraints  of  an 
IPC  and  company  communications  priority-ordered  data  link.  The  traffic 
assumed  on  the  data  link,  in  order  of  priority,  consisted  of  uplink  IPC 
commands,  uplink  ACARS  technical  acknowledgments,  downlink  replies  to  IPC 
commands,  and  downlink  ACARS  messages.  The  initial  implementation  of  IPC 
on  the  ACARS  data  link  is  indicated  by  the  45  percent  IPC-equipped  curve. 
Company  communications  at  initial  implementation  are  expected  to  be  generated 
by  at  least  5 percent  of  the  aircraft  in  the  area.  As  additional  aircraft 
equip  for  IPC  capability,  it  is  assumed  that  the  number  of  ACARS  users  will 
also  increase.  The  estimated  upper  bounds  of  13  percent  of  area  traffic 
being  ACARS- equipped  and  100  percent  being  IPC-equipped*  are  used  by  the 
channel-capacity  model  as  the  maximum  number  of  aircraft  generating  com- 
munications traffic  for  the  data  link.  Therefore,  the  probcible  operating 
regions  of  channel  utilization  and  delay  times  for  an  IPC/ACARS  data  link 
are  bounded  by  these  two  curves.  These  levels  of  aircraft  equipped  for 
ACARS  communications  are  consistent  with  Table  4-3,  the  population  distri- 
bution of  the  1982  traffic  model.  The  message-arrival  rates  for  IPC  and 
ACARS  communications  are  obtained  from  Figure  4-3  and  Table  4-4,  respectively. 
The  channel-delay  graphs  continue  to  represent  the  uplink  IPC  delay  time  for 
99  percent  of  the  generated  IPC  traffic. 

Qualitative  analysis  of  Figures  4-10  and  4-11  indicates  that  currently 
used  avionic  and  ground  equipment  for  both  2400  bps  and  4800  bps  (parameter 
Sets  A and  B)  are  unacceptable  because  of  extremely  high  channel  utilization 
amd  unstable  channel  delay  times.  In  these  two  cases,  efforts  to  increase 
stcibility  in  channel  delay  times  or  to  reduce  channel  utilization  by  adjust- 
ing the  IPC  warning-time  criteria  would  involve  such  a large  increment  of 
warning  time  that  the  increase  in  unnecessary  or  erroneous  IPC  commands 
would  offset  any  improvement  in  channel  capability.  Figure  4-12,  which 
shows  the  results  of  the  model  exercise  based  on  parameter  Set  C,  indicates 
that  channel  utilization  and  probable  channel  delay  times  are  accepteJale 
for  initial-implementation  traffic  levels,  but  cannot  successfully  accommo- 
date the  maximum  levels  of  IPC  and  ACARS  communications  traffic. 


*87  percent  using  mini-ACARS  designed  to  receive  IPC  message  only,  and 
13  percent  receiving  both  IPC  and  ACARS,  all  being  transmitted  over  the 
ACARS  link. 
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4.5.3  Case  3:  IPC/ACARS  Link  for  ACARS  Users  and  IPC  Dedicated  Data  Link 
for  Non-ACARS  Users 

In  Case  3,  the  ACARS  data  link  would  be  exposed  to  substantially  much 
less  traffic  than  in  Case  2.  The  IPC  traffic  would  reside  on  two  data  link 
systems  (and  therefore  two  data  link  channels) . General  aviation  users 
seeking  IPC  service  but  not  equipped  for  ACARS  message  traffic  would  procure 
the  necessary  avionics  to  receive  IPC  commands  in  compliance  with  one  of  the 
configurations  discussed  in  Section  4.4.1.  Aircraft  equipped  for  ACARS  data 
link  communications  would  be  modified  as  necessary  to  permit  maximum  use  of 
the  ACARS  avionics  in  receiving  and  processing  IPC  commands.  The  magnitude 
of  the  reduction  in  communications  competing  for  service  on  the  IPC/ACARS 
data  link  can  be  realized  when  it  is  considered  that  of  the  360  aircraft 
receiving  IPC  commands  in  Figure  4-10  (for  800  aircraft  at  45  percent  IPC- 
equipped) , 320  aircraft  would  receive  IPC  commands  on  a dedicated  IPC  data 
link  under  this  system  concept.  This  leaves  only  40  aircraft  on  the  IPC/ 
ACARS  data  link  communicating  both  ACARS  and  IPC  traffic.  The  resulting 
channel  utilization  and  delay  times  for  5 percent  IPC  and  ACARS -equipped 
through  13  percent  IPC  and  ACARS -equipped  are  shown  in  Figure  4-13  for 
parameter  Set  A.  It  is  this  significant  improvement  in  the  channel  delay 
times  and  channel  utilization  factors  of  an  IPC/ACARS  data  link,  together 
with  the  existence  of  acceptable  parameter  sets  for  the  dedicated  IPC  case, 
that  justifies  this  implementation  option  as  a viable  approach  to  providing 
IPC  via  a VHF  data  link  system. 


4.6  RESULTING  DATA  LINK  DESIGN  REQUIREMENTS 

This  section  presents  the  equipment  characteristics  and  data  link  param- 
eters determined  as  the  minimum  required  to  provide  acceptable  system  opera- 
tion during  the  near-term  implementation  of  the  IPC  options  analyzed  by  the 
channel -capacity  model.  These  requirements  are  presented  in  Table  4-6  and 
briefly  discussed  for  each  IPC  implementation  option. 

The  development  of  a dedicated  IPC  data  link  configured  for  either 
one-way  or  duplex  (two-way)  operation  on  a single  nationwide  uplink  frequency 
was  found  to  require  the  support  of  equipment  characteristics  typically  not 
attainable  by  most  general  aviation  avionics.  The  minimal  characteristics 
required  for  competent  operation  of  the  one-uplink-frequency  IPC  systems 
(parcuneter  Set  C)  demand  the  use  of  avionics  typical  of  commercial  aviation 
and  the  equivalent  of  current  FAA-equipped  ground  facilities.  The  concept 
of  altitude  banding,  however,  reduces  the  per-channel  communications  load 
to  a level  that  can  be  handled  adequately  by  equipment  that  is  commonly 
found  in  general  aviation  and  is  well  within  the  operating  bounds  of  com- 
mercial aviation  and  FAA  facilities  (parameter  Set  A) . 
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The  use  of  the  ACARS  data  link  for  all  IPC  traffic  was  found  to  be 
impossible  under  the  current  planned  2400-bps  rate  of  ACARS.  The  use  of 
more  sophisticated  equipment  (parameter  Set  C)  would  provide  ample  capability 
for  initial  levels  of  IPC  and  ACARS  traffic  but  could  not  provide  acceptable 
service  when  subjected  to  expected  increases  in  the  number  of  system  users. 
The  third  option,  IPC  on  the  ACARS  link  for  ACARS  users  and  IPC  on  a dedi- 
cated link  for  non-ACARS  users,  sufficiently  lowers  the  expected  IPC  com- 
munications load  on  the  ACARS  link  for  the  2400-bps  rate  of  ACARS  to  handle 
the  forecasted  IPC  and  ACARS  traffic  loads  competently.  The  associated 
dedicated  IPC  link  can  be  configured  as  either  a one-way  or  a duplex  (two- 
way)  concept.  The  analogous  reduction  of  IPC  traffic  on  the  dedicated  IPC 
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link  permits  the  use  of  equipment  characteristics  and  link  parameters 
obtainable  with  most,  if  not  all,  of  the  avionics  and  ground  equipment  in 
use  today  (depending  on  which  dedicated  concept  is  used) . 

The  remainder  of  the  study  is  directed  toward  the  development  of 
avionics  costs  for  each  implementation  option.  The  development  of  these 
costs  is  dependent  on  the  avionics  complexity  involved  in  ccxnplying  with 
the  implementation  concept  cuid  associated  design  requirements  of  Table  4-6. 
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CHAPTER  FIVE 


IPC  AVIONICS  DESIGNS 


The  ability  of  a VHF  data  link  to  provide  IPC  information  to  equipped 
aircraft  has  been  established,  as  shown  in  Chapter  Four.  However,  the  hard- 
ware required  to  implement  each  of  the  concepts  advocated  is  unavailable  or 
only  partially  availcdsle  in  the  avionics  inventory.  This  chapter  identifies 
the  equipment  configurations  required  by  each  proposed  concept  for  both  air 
carriers  and  general  aviation,  and  details  the  designs  of  new  circuitry 
necessary  for  the  manufacture  of  the  VHF  IPC  avionics.  Modules  or  subas- 
semblies considered  conventional  and  used  currently  in  similar  avionics 
(e.g.,  RF  front-ends,  IF  amplifiers)  are  also  identified. 


5.1  CONFIGURATION  OF  IPC  AVIONICS 

The  avionics  required  for  each  option  proposed  in  Chapters  Two  and  Four 
differ  sufficiently  to  require  separate  designs.  Since  the  options  are  not 
expandable  to  accommodate  increased  traffic  density,  no  attempt  is  made  to 
design  units  that  could  be  modified  at  a future  date  through  the  addition 
or  substitution  of  modules. 

The  configurations  of  avionics  required  for  evaluaticn  in  this  study 
are  grouped  according  to  the  following  system  concepts; 

• System  Concept  1 - IPC  Using  a Dedicated  VHF  Data  Link 
••  Single  Channel,  Uplink  Only 

••  Single  Channel,  Duplex 

• • Multi-Channel  (Altitude  Banding) , Uplink  Only 
• • Multi-Channel  (Altitude  Banding) , Duplex 

• System  Concept  2 - IPC  Using  the  ACARS  Data  Link 

Each  concept  requires  a VHF  receiver,  signal  processor,  display,  and 
antenna.  Options  such  as  Concept  1 duplex  operation  and  Concept  2 require 
the  addition  of  modulators  and  VHF  transmitters.  The  block  diagrams  shown 
in  Figures  5-1  through  5-6  represent  a typical  single-system  implementation 
of  each  concept  in  either  commercial  air  carrier  or  general  aviation  air- 
cratt.  (The  numbers  n parentheses  within  the  blocks  indicate  the  subsec- 
tii^ns  in  which  the  avionics  modules  are  discussed.) 
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Figure  5-1.  CONCEPT  1 - SINGLE  CHANNEL,  UPLINK  ONLY 
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Figure  5-2.  CONCEPT  1 - SINGLE  CHANNEL,  DUPLEX 
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Figure  5-3.  CONCEPT  1 - MULTI-CHANNEL,  UPLINK  ONLY 
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Figure  5-5.  CONCEPT  2 - IPC  USING  ACARS 
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Figure  5-6.  CONCEPT  2 - IPC  USING  MINI-ACARS 


All  avionics  required  by  Concept  1 are  considered  new,  requiring  design 
and  manufacturing  but  permitting  maximum  reuse  of  existing  modules  and  design 
practices.  Concept  2 avionics  require  the  addition  of  a new  IPC  data  proces- 
sor and  a new  IPC  display.  The  remainder  of  the  avionics  are  considered  to 
exist  on  air  carrier  aircraft  in  the  period  of  implementation. 

The  equipment  required  by  general  aviation  low-performance  aircraft  is 
functionally  identical  to  the  air  carrier  version  and  differs  only  in  pack- 
aging, environmental  requirements,  and  location  in  an  aircraft.  The  general 
aviation  practice  of  mounting  the  electronics  and  displays  in  the  flight 
console  has  been  adapted  in  the  design  of  the  general  aviation  VHF/IPC 
avionics.  The  equipment  required  by  general  aviation  for  Concept  2 includes 
a mini-modem  capcible  of  decoding  an  IPC  message  only,  the  logic  processing 
and  drivers,  and  an  appropriate  IPC  display,  all  packaged  in  a single  en- 
closure. The  transceiver  would  be  either  the  existing  second  VHF  communica- 
tions unit  in  the  aircraft  or  a new  standard  VHF  communications  unit. 


5.2  CONCEPT  1 - IPC  USING  A DEDICATED  VHF  DATA  LINK 

The  introduction  of  IPC  functions  into  aircraft  operating  in  the  na- 
tional air  space  requires  continuous  monitoring  of  the  ground-generated  RF 
data  link.  Although  VHF  equipment  now  installed  in  aircraft  is  capable  of 
receiving  the  IPC  commands,  it  is  designed  to  provide  voice  communications 
on  any  one  of  720  VHF  channels,  requiring  sophisticated  synthesizers,  front 
ends,  squelch  circuitry,  and  audio  amplification.  The  resultant  avionic 
equipment  is  a state-of-the-art  transceiver  incorporating  functions  not 
necessary  for  operation  on  a single  frequency  or  a limited  number  (e.g. , 
four)  of  frequencies.  Implementation  of  the  IPC  under  the  VHF  concept 
will  require,  in  addition  to  a basic  receiver/transmitter,  logic  processors, 
demodulators,  modulators  (for  duplex  operation),  and  display  drivers.  A 
practical  and  cost-effective  approach  is  to  develop  and  produce  avionics 
dedicated  to  the  IPC  concept.  The  new  avionics  would  reuse  many  of  the 
modules  currently  installed  in  VHF  transceivers  but  eliminate  those  modules 
not  required  for  either  single-frequency  or  data- link-only  operation. 

This  section  identifies  the  equipment  that  would  require  new  design 
and  development  to  complement  the  existing  production  modules  in  configuring 
a dedicated  VHF  radio  for  use  in  the  IPC  concept. 

5.2.1  IPC  Logic  Processor 

The  critical  requirements  in  providing  collision  avoidance  commands  to 
an  aircraft  are  that  the  message  be  uniquely  accepted  by  the  addressed  air- 
craft and  that  the  command  displayed  to  the  pilot  be  the  intended  instruction 
of  the  IPC  computer.  This  requirement  is  considered  cuid  adhered  to  in  the 
logic  design  of  the  IPC  decoding  network.  Figure  5-7  is  a logic  flow  diagram 
of  the  activity  and  decision  process  of  the  logic  design  developed  for  all 
options  of  the  dedicated  VHF  data  link.  Portions  that  apply  to  the  duplex 
mode  of  this  concept  are  evident. 
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Figure  5-7.  IPC  USING  DEDICATED  VHF-LOGIC  FLOW  DIAGRAM 
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The  system  clears  and  resets  when  power  is  first  applied  to  the  avionics 
and  subsequently  resets  upon  command  of  the  processing  network.  When  data 
first  appear  from  the  demodulator,  a check  sequence  of  12  bits  of  "Pre-Key" 
and  "Bit-Sync"  are  tested  to  determine  whether  valid  data  can  be  expected. 

If  these  bits  are  not  matched,  the  system  will  continue  observation  of  the 
next  input  stream.  A valid  match  permits  continuation  of  data  decoding 
and  testing  for  inverted  data.  Data  of  proper  polarity  are  then  passed  to 
a comparator  circuit  to  check  the  message  address.  A block  check  sequence 
(BCS)  is  also  initiated  to  confirm  error-free  reception  of  the  message. 

If  the  designated  address  does  not  match  the  unique  aircraft  code,  derived 
from  the  ATCRBS  transponder  control , the  decoding  is  terminated  and  the 
system  reset  for  the  next  reception.  If,  however,  a valid  address  match 
is  detected,  the  remainder  of  the  message  is  decoded,  the  BCS  is  completed, 
and  the  generated  remainder  is  tested  against  the  transmitted  remainder  to 
confirm  the  reception  of  an  error-free  message.  If  no  difference  is  detected, 
the  IPC  command  is  updated;  a discrepancy  results  in  rejection  of  the  entire 
message  and  resetting  of  the  system  for  the  next  message. 

An  additional  feature  shown  on  the  logic  flow  diagram  and  incorporated 
into  the  duplex  system  configurations  is  the  encoding  of  the  entire  message 
for  retransmission  to  the  ground  IPC  computers.  The  message,  identical  to 
the  uplink  transmission  except  for  the  acknowledgment/no-acknowledgment 
element,  advises  the  IPC  computers  whether  the  aircraft  has  properly  decoded 
the  intended  command. 

The  detailed  logic  design  supporting  the  concept  utilizes  existing 
technology,  with  the  majority  of  the  components  chosen  from  the  discrete 
TTL  logic  family.  A Read-Only-Memory  (ROM)  chip  is  used  to  control  sequen- 
tial functions  and  reduce  total  chip  density.  The  design  is  adaptable  to 
large-scale  integration  (LSI);  however,  the  decision  for  custom  design  is 
predicated  on  expected  production  quantities  and  not  on  technical  feasibility. 
Therefore,  LSI  technology  has  not  been  reflected  in  the  concept.  The  detailed 
design  supporting  the  options  of  Concept  1 is  described  in  Appendix  D. 

5.2.2  IPC  Baseband  Demodulator 


The  RF  front-end,  IF  amplifier,  and  AGC  circuitry  and  power  supplies 
of  the  VHF  receiver  are  conventional  in  design  and  do  not  warrant  additional 
definition.  However,  the  signal  output  from  the  IF  amplifier  must  be  demod- 
ulated prior  to  decoding.  The  baseband  demodulator  considered  in  this  study 
is  designed  to  detect  the  TTL  equivalent  of  a sine  wave  at  frequency  (e.g. , 
2400  Hz)  and  at  half-frequency  (e.g,,  1200  Hz).  In  this  technique  a shift 
register  clocked  at  eight  times  the  operating  frequency  accepts  the  data 
streaim,  one  data  bit  at  a time,  and  compares  the  logic  state  in  the  register 
of  the  2nd,  3rd,  6th,  and  7th  clock  pulses.  A high  state  in  all  four  posi- 
tions indicates  a data  bit  at  half-frequency  (all  logic  1) , resulting  in  an 
output  to  the  decoder  of  no  bit  change  (logic  1) . A combination  of  high  and 
low  states  (logic  1100  or  0011)  indicates  a data  bit  at  frequency,  resulting 
in  an  output  to  the  decoder  of  a bit  change  (logic  0) . The  demodulator  makes 
use  of  conventional  discrete  components,  gates,  counters,  and  comparators, 
in  addition  to  the  shift  register.  The  logic  schematic  is  presented  in 
Appendix  D. 
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5.2.3  IPC  Baseband  Modulator 


The  baseband  modulator,  required  by  the  duplex  option  of  this  concept, 
consists  of  ein  audio-frequency  generation  network  and  a switching  network 
designed  to  provide  differentially  encoded  frequency-shift-keyed  baseband 
signals  to  the  transmitter  modulator.  The  frequency  generator  contains  an 
oscillator  that  is  used  to  provide  four  synchronous  signals  of  equal  ampli- 
tude at  1200  Hz  and  2400  Hz,  each  with  0°  and  180°  phase  shift.  Data  to  be 
transmitted  are  processed  through  a differential  encoder  to  establish  the 
logic  state  (bit  change  or  no  change)  of  the  sequential  data.  The  state  of 
the  differential  encoder  controls  the  output  switch  to  provide  the  properly 
phased  1200  Hz  or  2400  Hz  sinusoidal  waveform  to  the  transmitter  modulator 
for  transmission  to  ground.  (For  higher -data-rate  applications  , the  oscil- 
lators would  generate  2400  Hz  and  4800  Hz  signals,  respectively.) 

The  modulator  is  solid  state,  using  conventional  integrated  circuits 
compatible  with  the  TTL  family  of  discrete  devices.  The  modulator  timing 
diagram  and  logic  schematic  are  presented  in  Appendix  D. 

5.2.4  Reply  Encoder 

Duplex  operation  under  Concept  1 requires  acknowledgment  by  the  air- 
craft that  a message  has  been  properly  received  or  that  an  error  has  been 
detected  in  a message  apparently  addressed  to  that  aircraft.  The  logic 
processor  automatically  performs  the  acknowledgment  function  by  storing 
the  entire  received  message  in  shift  registers  and,  after  BCS  execution, 
encoding  the  appropriate  reply  for  transmission  to  the  ground.  Two  control 
bits  added  to  the  received  message  inform  the  ground  IPC  system  of  the 
status  of  the  command  as  processed  by  the  airborne  logic  processor.  The 
encoder  consists  of  a conventional  128-bit  shift  register  of  the  CMOS 
family  and  is  physically  located  on  the  IPC  processor  cards . The  logic 
diagram  detailing  encoder  operation  is  included  in  the  processor  diagrams 
of  Appendix  D. 

5.2.5  Frequency  Synthesizer 

The  frequency  synthesizer  required  for  multi-channel  operation  consists 
of  conventional  crystal-controlled  oscillators  with  solid-state  amplifiers 
for  driving  the  tuning  stages  of  the  receiver  (and  transmitter) . A digital 
logic  switching  network  is  used  to  connect  the  appropriate  oscillator  stage 
to  the  system  for  operation  at  the  predetermined  frequencies.  Altitude- 
banded  frequency  switching  is  accomplished  by  using  the  Grey  code  logic 
data  developed  by  the  pressure  altimeter.  Depending  on  the  choice  of 
altitude  bands  and  limits  of  protection  covered  by  the  IPC  computers,  the 
control  can  be  based  on  only  the  "A"  pulses  of  the  transmission  (Grey)  code 
or  on  the  A,  B,  and  D pulses  of  the  code.  A typical  logic  network  used  to 
convert  the  Grey  code  to  switching  control  is  detailed  in  Appendix  D. 
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5.3  IPC  DISPLAY 

The  display  indicator  required  in  support  of  both  concepts  proposed 
is  a st2mdard  ARINC  Characteristic  panel-mounted  ATI  3 unit  for  the  high- 
performance  aircraft;  for  the  general  aviation  low-performance  aircraft, 
it  is  em  integral  part  of  the  panel-mounted  avionics.  Figure  5-8  shows  the 
recommended  command  functions  incorporated  in  high-performemce  avionics, 
including  control  and  test  functions;  and  Figure  5-9  shows  the  indicator 
as  part  of  the  panel-mounted  receiver  used  by  low-performance  aircraft. 


Figure  5-3.  IPC  COMMAND  INDICATOR,  HIGH-PERFOKMANCE  AIRCRAFT 


Figure  5-9.  IPC  RECEIVER  INDICATOR,  LOW-PERFORMANCE  AIRCRAFT 
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The  avionics  for  the  options  that  require  retransmission  of  the  IPC  data  to 
ground  computers  must  include  the  VHF  transmitter.  Low-performance  general 
aviation  aircraft  will  have  avionics  that  incorporate  all  functions  in  a 
single  pcinel-mounted  enclosure  typified  by  Figure  5-10. 

The  command  indicator  consists  of  a faceplate,  lamps,  test  switch,  and 
control  switch.  All  electronic  elements  required  for  data  decoding  and  lamp 
drivers  are  part  of  the  logic  processor  contained  in  the  avionics  package. 


Figure  5-10.  IPC  TRANSCEIVER  INDICATOR,  LOW-PERFORMANCE  AIRCRAFT 


5.4  CONCEPT  2 - IPC  USING  ACARS  DATA  LINK 

The  adaptation  of  the  ACARS  data  link  to  the  IPC  concept  is  practical 
for  the  users  that  will  have  the  ACARS  equipment  as  standard  avionics  on 
the  aircraft  — the  commercial  air  carriers  and  many  of  the  corporate  trans- 
ports that  constitute  a large  percentage  of  the  high-performance  general 
aviation  aircraft.  For  these  users,  the  adaptation  would  require  a data 
processor  to  obtain  a partially  decoded  IPC  message  from  the  existing  ACARS 
modem,  and  an  IPC  command  indicator  for  presentation  of  collision  avoidance 
information  to  the  flight  crew.  The  remainder  of  the  general  aviation  com- 
munity is  not  equipped,  and  is  not  permitted  to  equip,  with  full-capability 
ACARS  modems.  Aircraft  in  this  category  will  require  modems  that  limit 
capability  to  reception  and  acknowledgment  of  IPC  information.  Such  a 
modem  has  been  identified  in  this  study  as  Mini-ACARS. 

This  section  describes  the  equipments  required  by  air  carriers  and 
high-performance  corporate  transports  for  participation  in  an  IPC  separation- 
assurance  progrcim  using  the  ACARS  data  link. 


5-10 


5.4.1  ACARS  IPC  Data  Processor 


The  basic  ACARS  modem  is  designed  to  perform  the  channel-management 
functions  necessary  for  selective  addressing  of  aircraft,  message  destination 
routing,  parity  checks,  and  acknowledgment  functions.  The  overhead  characters 
associated  with  channel  management  in  the  received  message  are  stripped  from 
the  data  stream  by  the  modem,  and  the  formatted  text  is  routed  to  an  appro- 
priate output  port  of  the  modem.  There  are  provisions  for  unformatted  free- 
text  outputs  on  a port  identified  as  the  Optional  Auxiliary  Terminal  (OAT) . 

It  is  assumed  that  this  port,  currently  unassigned,  will  be  used  as  the  IPC 
output  of  the  modem. 

The  data  processor  assigned  for  IPC  operation  would  receive  IPC  informa- 
tion from  the  OAT  output  and  perform  a series  of  logic  sequences  prior  to  the 
display  of  commands  to  the  pilot.  Figure  5-11  is  a logic  flow  diagram  of  the 
data-reduction  and  decision  process  of  the  IPC  processor.  Each  bit  of  data 
detected  at  the  input  is  excimined  for  a start-of-text  character.  Once  the 
start-of-text  is  detected,  the  next  12  bits  of  data  are  extracted  and  checked 
for  errors  in  transmission.  If  an  error  is  detected,  there  will  be  no  dis- 
play update  and  an  acknowledgment  message,  with  special  characters  indicating 
an  uplink  error  condition,  will  be  encoded.  The  encoded  message  is  buffered 
to  the  ACARS  modem  for  transmission  to  the  ground  IPC  computers , and  the 
system  is  reset  for  the  next  message.  If  no  error  is  detected,  the  processor 
activates  the  logic  circuitry  that  corresponds  to  the  IPC  command  transmitted 
and  updates  the  IPC  display  at  the  pilot's  console.  A special-format  message 
acknowledging  the  receipt  of  an  error-free  message  is  encoded  and  buffered 
to  the  ACARS  modem  for  transmission  to  the  ground  IPC  computers.  The  system 
is  reset  and  is  then  ready  to  receive  the  next  IPC  update. 


Figure  5~11.  IPC  USING  ACARS  LOGIC  FLOW  DIAGRAM 
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The  logic  design  uses  predominantly  discrete  components  from  the  TTL 
logic  family.  Off-the-shelf  registers,  counters,  and  flip-flops  constitute 
the  majority  of  the  logic  components.  The  processor  package  also  includes 
lamp  drivers  to  control  the  remotely  located  IPC  indicator  display.  Design 
details  for  the  ACARS  IPC  data  processor  are  presented  in  Appendix  D. 

5.4.2  Mini-ACARS  Modem  and  Processor 

The  design  of  a modem  and  processor  intended  for  the  low-performance 
general  aviation  aircraft  reflects  the  objective  of  not  interfering  with 
normal  data  communications  of  the  ACARS  users  while  still  providing  an 
efficient  and  low-cost  avionics  system  that  meets  the  requirements  of  IPC. 
The  logic  design  supporting  the  Mini-ACARS  concept  takes  advantage  of  the 
operational  algorithms  of  ACARS;  that  is,  it  will  not  recognize  ground  poll- 
ing interrogations,  thereby  limiting  the  number  of  replying  aircraft  to 
those  equipped  with  ACARS,  and  it  will  decode  each  ground  transmission, 
looking  for  key  bits  in  the  data  stream  that  identify  the  message  as  an  IPC 
trcuismission  and  the  aircraft  for  which  it  is  destined.  This  early  decoding 
of  an  ACARS  ground  transmission  makes  the  Mini-ACARS  system  appear  as  a 
passive  receiver  to  all  but  IPC  communications. 

Figure  5-12  is  a logic  flow  diagram  of  the  decoding  and  decision-making 
process  of  the  Mini-ACARS  modem.  Detected  data  are  received  from  a VHF 
transceiver  and  clocked  into  the  processors  by  a stable  oscillator-driven 
clock  network.  The  data  stream  is  scimpled  one  bit  at  a time  to  detect  the 
formatted  pre-key  and  bit-sync.  The  system  keeps  recycling  until  these 
parameters  are  detected.  The  input  stream  following  the  bit-sync  is  loaded 
into  shift  registers , and  the  data  are  compared  with  a standard  format  pro- 
grcutuned  into  an  ROM.  Failure  to  correspond  with  IPC  formats  causes  the 
system  to  reset.  Recognition  of  an  IPC  message  format  results  in  further 
data  reduction  to  compare  aircraft  identification  with  message  designation. 

A block-check  sequence  (BCS)  confirming  error-free  reception  of  the  IPC 
message  and  designation  results  in  an  update  of  the  IPC  display  and  encoding 
of  the  acknowledgment  message  for  transmission  to  the  ground  IPC  computers. 

The  logic  design  is  based  on ■ readily  availaible  logic  components  in  the 
TTL  family,  with  extensive  use  of  MSI  circuitry  such  as  ROMs,  control  count- 
ers, decoders,  BCS  generators,  and  discrete  components.  Circuitry  for  IPC 
memory  storage  and  lamp  drivers  is  contained  in  the  Mini-ACARS  module. 

Design  details  for  the  Mini-ACARS  concept  are  presented  in  Appendix  D. 


Initialize 


Power  On 


System  Reset 


Check  Input  Streaun 
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Structure  and  Transmit 
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riyure  5-22.  IPC  USING  MINI-ACARS  LOGIC  FLOW  DIAGRAM 
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CHAPTER  SIX 


IPC  AVIONICS  COST  DEVELOPMENT 


The  equipment  cost  data  developed  in  this  chapter  provide  the  basis 
for  an  economic  comparison  of  the  proposed  concepts  --  IPC  using  the  dedi- 
cated VHF,  and  IPC  using  ACARS . Careful  development  of  these  data  was  an 
essential  step  in  the  overall  evaluation  of  a cost-effective  collision 
avoidance  concept. 

To  provide  accurate  data  on  avionics  costs,  it  was  necessary  to  develop 
detailed  equipment  designs  based  on  the  probable  production  versions  of 
similar  avionics  currently  available  from  air  carrier  and  general  aviation 
manufacturers.  The  expected  quantities  of  production  affect  the  cost  of 
any  avionic  equipment.  The  total  annual  production  quantity  for  a single 
manufacturer  was  established  at  1000  units  to  realize  a reasonable  production- 
line capability  and  a reasonable  discount  in  parts  and  material  procurement. 
The  costs  developed  in  this  chapter  are  based  on  1975  dollars  to  permit 
comparison  with  the  costs  previously  reported  for  other  collision  avoidance 
concepts  (Reference  10) . There  is  no  requirement  for  advanced  technology 
to  meet  any  of  the  concepts  defined  in  this  study. 


6.1  AVIONICS  COST  DEVELOPMENT  - CONCEPT  1 

The  development  of  equipment  costs  presented  in  this  section  represents 
the  adaptation  of  module  components  that  are  used  in  the  manufacture  and 
assembly  of  VHF  transceivers  and  meet  the  requirements  of  the  VHF  IPC  data 
link.  Existing  components  were  chosen  for  the  following  reasons: 

' Direct  adaptability  to  the  electrical  requirements  specified  for  a 
VHF  data  link 

• Cost-effectiveness  in  the  use  of  components  that  have  already  been 
subjected  to  the  learning-curve  effect  of  new  equipment  development 

The  equipment  chosen  as  a base  for  development  of  the  VHF  data  link  was 
that  which  exhibited  the  highest  promise  of  operating  satisfactorily,  re- 
flected standard  current  technology,  and  was  within  the  capability  of  all 
major  manufacturers  of  airborne  VHF  transceivers.  Circuit  modifications 
were  made,  and  additional  circuits  (e.g.,  logic  processor  and  demodulator) 
were  incorporated  to  provide  the  required  operational  design.  The 
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resultcint  design  identified  the  component  parts  (by  part  number)  in  the 
quantities  required  to  estimate  system  procurement  costs , assembly  labor 
costs,  and  manufacturing  costs.  Component  parts  costs  are  presented  for 
each  version  in  Appendix  E. 

6.1.1  High-Performance  Aircraft  Avionics 

The  equipment  required  by  all  the  certified  air  carriers  and  most  of 
the  high-performance  general  aviation  aircraft  was  designed  to  meet  the 
expected  specifications  of  ARINC  Characteristics  and  the  environmental  re- 
quirements of  the  Radio  Technical  Commission  for  Aeronautics  (RTCA)  Document 
No.  DO-160,  as  applicable  to  air  carrier  VHP  transceivers. 

Tables  6-1  through  6-4  identify  all  major  modules  required  for  assembly 
of  the  four  options  considered  and  give  the  total  costs  of  material,  labor, 
burden,  inspection,  and  production  engineering,  which  constitute  the  direct 
cost  of  manufacturing  the  subassemblies.  The  direct  cost  of  manufacture  is 
identified  in  the  tables  as  the  factory  cost.  A 20  percent  general  and 
administrative  cost  and  a 15  percent  profit  were  added  to  the  factory  costs 
to  establish  the  estimated  minimum  selling  price.  This  selling  price  would 
be  the  acquisition  cost  borne  by  a commercial  air  carrier  or  by  an  avionics 
distributor  who  resells  these  systems  to  the  small  percentage  of  general 
aviation  users  requiring  high-performance  avionics.  The  cost  to  these  users 
is  identified  in  the  tables  by  both  module  and  system  list  price. 

The  costs  developed  vary  between  the  options  presented  because  of  the 
increasing  complexity  of  the  options , from  the  single-channel  receive-only 
system  (Table  6-1)  through  the  four-channel  full-duplex  system  (Table  6-4) . 
Each  system,  however,  provides  the  same  IPC  information  to  the  pilot,  and 
its  increased  complexity  is  justified  by  the  performance  requirements  stated 
in  earlier  chapters  of  this  report. 

6.1.2  Low-Performance  Aircraft  Avionics 

The  general-aviation  version  of  the  VHP  IPC  data  linJc  equipment  was  sub- 
jected to  a pricing  evaluation  similar  to  that  used  for  the  high-performance 
units.  The  packaging  of  these  units  is  unrestricted,  conforming  to  the 
practice  in  the  general  aviation  community,  and  the  environmental  require- 
ments reflect  the  less  stringent  specifications  of  Document  DO-160,  as 
applicable  to  the  general  aviation  class  of  equipment.  Tables  6-5  through 
6-8  identify  the  major  modules  required  for  assembly  of  each  of  the  four 
options  considered  and  give  the  total  cost  of  material,  labor,  and  mark-up 
for  overhead,  general  and  administrative,  and  profit.  The  resultant  cost 
is  the  mcinufacturer ' s selling  price  to  distributors,  who  resell  these  systems 
to  the  general  aviation  users.  The  advertised  list  price  of  the  systems 
would  include  a 100  percent  distribution  mark-up,  and  this  is  shown  for  the 
system  costs  in  the  tables. 
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Table  6-7.  SYSTEM  COST  DEVELOPMENT:  IPC  USING  DEDICATED  VHP 


The  operational  concept  of  the  low-performance  systems  is  identical  to 
that  proposed  for  the  high-performance  avionics,  with  the  exception  that  the 
receivers  have  lower  sensitivities  and  the  transmitters  have  lower  power 
outputs,  consistent  with  the  existing  VHF  communications  avionics  in  service. 
The  proposed  multi-channel  (four-frequency)  option  is  intended  for  use  at 
all  altitudes.  One  of  the  four  possible  divisions  would  probably  be  at 
20,000  feet.  The  typical  general  aviation  aircraft  equipped  with  the  low- 
performance  avionics  normally  does  not  reach  this  altitude  and  would  not 
require  the  full  complement  of  frequencies.  However,  the  equipment  costs 
for  this  option  reflect  the  full  capability  of  operation,  allowing  use  of 
these  equipments  at  all  altitudes  where  present  general  aviation  transceivers 
are  used. 


6.2  IPC  COMMAND  INDICATOR 

The  tactical  command  indicator  used  in  the  IPC  concept  is  a standard 
ARINC-specification  ATI  unit  designed  for  mounting  in  the  instrument  panel 
of  an  aircraft.  A set  of  nine  lights,  displaying  arrows  and  X’s,  provides 
the  pilot  with  tactical  commands  for  horizontal  or  vertical  escape  mcineuvers 
when  the  aircraft  is  on  a collision  course  with  any  other  nearby  aircraft. 

All  air  carrier  and  general  aviation  high-performance  aircraft  using 
ARINC-specification  type  avionics  will  require  a separately  mounted  IPC 
indicator.  In  low-performance  aircraft,  the  command  indicator  is  incorpo- 
rated in  the  faceplate  of  the  avionics.  Indicator  costs  for  low-performance 
aircraft  were  included  in  the  avionics  costs  of  Tables  6-5  through  6-8. 

Tcible  6-9  presents  the  cost  development  of  the  high-performance  aircraft 
commeind  indicator.  The  same  methodology  used  in  estimating  the  selling  price 
of  high-performance  avionics  has  been  applied  to  the  indicator,  resulting  in 
the  selling  price  to  commercial  air  carriers  and  distributors  and  the  list 
price  expected  to  be  paid  by  the  individual  owners  of  high-performance  air- 
craft. The  detailed  parts  lists,  component  costs,  and  assembly  estimates 
are  included  in  Appendix  E. 


6.3  AVIONICS  COST  DEVELOPMENT  - CONCEPT  2 

The  equipment  cost  development  presented  in  this  section  assumes  the 
existence  of  VHF  transceivers  capable  of  providing  data  at  baseband  frequen- 
cies to  signal-processing  equipment,  an  ACARS  data  modem  for  the  high- 
performance  aircraft,  and  panel  space  in  the  consoles  of  low-performance 
general  aviation  aircraft  for  installation  of  a Mini-ACARS  modem  with  built- 
in  indicator.  The  cost  estimating  method  is  the  same  as  that  described  in 
Section  6.1  for  Concept  1.  The  avionics  are  designed  for  use  by  either  the 
high-performance  aircraft  or  the  low-performance  aircraft.  Component  parts 
quantities  and  costs  supporting  each  class  of  avionics  are  presented  in 
Appendix  E. 
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Table  6-9.  COST  DEVELOPMENT  OF  IPC  COMMAND 
INDICATOR,  HIGH-PERFORMANCE 
AIRCRAFT 


Cost  Element 


Cost 

(Dollars) 


Material 

Material  Handling  (25%) 

Labor  ($11.00  per  hour) 

Burden  (135%  of  lalx)r) 

Inspection  (5%  labor  and  burden) 


26.35 

6.59 

22.33 

30.15 

2.62 


Subtotal 

Engineering  and  Quality  Control 
Factory  Cost 
G&A  (20%) 

Total  Direct  Cost 

Profit  (15%) 

Selling  Price 
Distribution  (30%) 

List  Price 


88.04 


(25%) 


22.01 

110.05 

22.01 


132.06 

19.81 

151.87 

45.56 

197.43 


6.3.1  High-Performance  Aircraft  Avionics 


The  equipment  required  by  all  the  certified  air  carriers  and  most  of 
the  high-performcince  general  aviation  aircraft  was  designed  to  meet  the 
expected  requirements  of  ARINC  Characteristics  and  the  environmental  require- 
ments of  RTCA.  Table  6-10  identifies  the  major  modules  required  to  assemble 
the  IPC  data  processor  used  in  conjunction  with  the  ACARS  modem  to  provide 
IPC  information  to  the  flight  crew.  The  cost  development  of  each  module  and 
the  avionics  paclcage  uses  the  cost  elements  associated  with  production  and 
management  of  the  equipment.  The  data  processor  is  expected  to  be  housed  in 
a standard  1/4-ATR  ARINC  enclosure  and  contain  all  functions  (e.g.,  decoding, 
Icunp  driver  circuits,  power  supplies)  necessary  to  provide  the  IPC  informa- 
tion. Designed  for  remote  installation  in  an  aircraft's  electronic  bay,  the 
system  must  be  supplemented  with  a commercial  indicator  identical  to  that 
described  in  Section  6.2.  The  selling  price  of  $1,055  reflects  the  expected 
cost  to  the  air  carriers,  the  list  price  of  $1,371  being  applicable  to  the 
individual  aircraft  owner. 
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Table  6-10.  SYSTEM  COST  DEVELOPMENT:  IPC  USING  ACARS , HIGH-PERFORMANCE  AIRCRAFT 
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6.3.2  Low-Performance  Aircraft  Avionics 


The  avionics  describing  the  Mini-ACARS  concept  have  been  designed  to 
conform  with  the  general  aviation  practice  of  packaging  in  a single  enclo- 
sure suitable  for  mounting  in  the  control  panel  of  the  aircraft.  Table  6-11 
shows  the  results  of  the  cost  estimation  for  a unit  similar  to  the  config- 
uration shown  in  Figure  5-10,  but  with  a seven-position  thumb-wheel  switch 
for  aircraft-identity  input.  The  unit,  meeting  the  environmental  require- 
ments of  RTCA  DO-160  applicable  to  general  aviation  equipment,  contains  all 
the  signal  processing  and  display  electronics  required  to  interface  with  a 
VHF  transceiver  for  data  acquisition  and  the  front-panel  indicators  for  IPC 
command  presentation.  The  factory  selling  price  of  $297  has  been  marked  up 
to  the  expected  list  price  of  $593  the  individual  low-performance-aircraft 
owner  would  be  required  to  pay  to  acquire  the  unit. 


6.4  SUMMARY  OF  AVIONICS  COSTS 

This  chapter  has  presented  the  development  of  the  cost  of  avionics  that 
must  be  manufactured  to  support  any  of  the  concepts,  with  associated  options, 
developed  in  the  study.  Because  the  hybrid  case  draws  from  the  general 
aviation  designs  of  Concept  1 and  the  air  carrier  designs  of  Concept  2,  no 
separate  cost  presentation  for  this  option  is  required. 

The  costs  presented  are  for  unit  production  in  medium  to  large  volume, 
without  design,  development,  or  start-up  costs.  The  addition  of  these  non- 
recurring costs  to  the  unit  costs  could  result  in  expected  acquisition  prices 
that  are  misleading  since  amortization  is  heavily  dependent  on  the  market 
demand  and  on  annual  production.  Amortization  is  intentionally  omitted  from 
the  costs  to  the  air  carriers  and  the  private  aircraft  owners  presented  in 
summary  form  in  Table  6-12  for  Concept  1 and  Table  6-13  for  Concept  2,  to 
facilitate  comparison  with  costs  developed  for  alternative  concepts. 

Table  6-12  details  the  cost  of  avionics  acquisition  to  each  of  the  three 
users  identified  in  the  study.  An  additional  potential  user,  the  Military 
Airlift  Command,  would  require  the  same  avionics  as  the  air  carriers,  and 
it  has  been  included  in  that  category.  The  cost  of  antennas,  necessary  for 
most  aircraft  installations,  has  been  added  to  identify  the  entire  equipment 
cost  supporting  each  of  the  four  options  of  Concept  1 for  providing  IPC 
information  over  a dedicated  VHF  data  link. 

Table  6-13  presents  comparable  system  acquisition  costs  to  the  three 
users  for  the  implementation  of  IPC  over  the  privately  owned  ACARS  network. 

Both  tables  present  the  cost  of  a single  (nonredund2mt)  system  with  one 
command  indicator  per  aircraft . The  air  carriers ' practice  of  achieving  high 
operational  availcibility  through  system  redundancy  would  require  additional 
avionics  and  indicators,  with  the  antennas  probably  being  switched  between 
the  systems.  Sufficient  information  is  presented  in  the  tables  to  permit 
configuration  costing  of  all  three  VHF  IPC  concepts . 
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Table  6-12. 

COST  SUMMARY  FOR 

CONCEPT  1 

Equipment 

Configuration  Option  Costs 

(Dollars  per  Aircraft) 

Single-Channel 
Uplink  Only 

Single-Channel 

Duplex 

Four-Channel 
Uplink  Only 

Four-Chcinnel 

Duplex 

Air  Carrier  and  Selected  Military  Aircraft 

Avionics  Unit 

1679 

2373 

1901 

2660 

IPC  Display 

152 

152 

152 

152 

Antenna 

180 

360 

180 

360 

Total 

2011 

2885 

2233 

3172 

High-Performance  General  Aviation 

Avionics  Unit 

2183 

3085 

2473 

3458 

IPC  Display 

197 

197 

197 

197 

Antenna 

240 

480 

240 

480 

Total 

2620 

3762 

2910 

4135 

Low-Performance  General  Aviation 

Avionics  Unit 

722 

1015 

887 

1232 

Antenna 

16 

32 

16 

32 

Total 

738 

1047 

903 

1260 

Note:  Data  from  manufacturers' 

published  price  lists. 

Table  6-13.  COST  SUMMARY  FOR  CONCEPT  2 


Equipment 

Avionics  Cost  per 
Aircraft  (Dollars) 

Air  Carrier  and  Selected  Military  Aircraft 

Signal  Processor 

1055 

IPC  Display 

152 

Total 

1207 

High-Performance  General  Aviation 

Signal  Processor 

1371 

IPC  Display 

197 

Total 

1568 

Low-Performance  General  Aviation 

Mini-ACARS  with  Display 

593 
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The  IPC  implementation  options  were  discussed  in  Chapter  Four,  and  data 
link  design  requirements  were  summarized  in  Table  4-6.  System  performance 
was  shown  to  be  sensitive  to  various  bit  rates  and  equipment  characteristics, 
as  identified  by  parameter  sets  A through  C in  Table  4-6.  In  the  cost  de- 
velopment presented  in  this  chapter,  it  was  assumed  that  bit  rates  affect 
only  the  oscillator  designs  and  have  no  influence  on  manufacturing  costs. 
Since  avionics  required  by  Concept  1 (IPC  using  dedicated  VHF)  would  be  new 
or  of  the  latest  design,  the  more  stringent  carrier  rise  times  (CRT)  and 
AGC  settling  times  were  considered  in  the  choice  of  existing  avionic  modules 
and  newly  designed  functions  of  the  equipment. 

Tables  6-12  and  6-13  present  the  acquisition  costs  for  Concepts  1 and 
2.  The  hybrid  concept  discussed  in  Chapter  Four  — IPC  using  ACARS  for  the 
air  carriers  and  selected  high-performance  general  aviation,  and  IPC  using 
dedicated  VHF  for  the  remainder  of  the  aviation  community  — requires  equip- 
ments peculiar  to  each  concept.  Sufficient  data  are  presented  in  the  summary 
tables  to  allow  configuration  costing  of  the  hybrid  concept. 
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CHAPTER  SEVEN 


EVALUATION  OF  IPC  VHF  DATA  LINK  CONCEPTS 
FOR  INTERIM  AND  LONG-TERM  SERVICE 


The  various  IPC  VHF  data  link  options  and  the  associated  avionics  cost 
developments  havD  been  formulated  on  the  basis  of  the  needs  of  the  various 
aviation  communities  ,-nd  the  expected  traffic  densities.  In  this  chapter 
the  introduction  of  IPC  by  means  of  VHF  data  links  is  evaluated  as  a short- 
term option  pending  deployment  of  DABS/IPC  concepts  and  as  a permanent 
solution  for  separation  assurance.  With  the  near-term  option,  it  is  nec- 
essary to  consider  only  the  equipment  availability  and  system  capacity 
projections  through  the  mid-1980s.  For  permanent  adoption  of  the  IPC  VHF 
concept,  it  is  necessary  to  consider  future  aviation  growth  and  expected 
system  capacities  through  the  end  of  this  century. 

This  chapter  reviews  the  various  IPC  VHF  options  presented  in  this 
study  and  evaluates  the  performance  of  each  option  as  a function  of  near- 
term  and  long-term  aircraft-handling  capability.  Equipment  acquisition 
costs  are  presented  for  each  option  to  provide  insight  into  economic  impact. 
However,  the  total  cost  of  system  implementation  is  not  presented,  because 
it  would  be  necessary  to  consider  installation  and  maintenance  of  both  air- 
borne and  ground  equipments,  which  are  not  a part  of  this  study. 


7.1  PERFORMANCE  EVALUATION  CRITERIA 

This  section  sets  forth  the  criteria  and  assumptions  used  in  evaluating 
both  the  near-term  and  long-term  capability  and  performance  of  each  IPC  op- 
tion. In  addition  to  providing  the  levels  of  IPC  traffic  associated  with 
near-term  and  long-term  system  use,  it  states  the  performance  thresholds 
used  to  evaluate  each  of  the  options. 

During  the  initial  stages  of  IPC  implementation,  the  principal  system 
users  are  expected  to  be  commercial  air  carrier,  military  air  transport, 
and  selected  high-performance  general  aviation  aircraft.  Only  a small 
percentage  of  privately  owned  low-performance  general  aviation  aircraft  are 
expected  to  participate.  The  population  of  initial  IPC  system  users  will 
not  represent  a majority  of  the  aircraft  operating  in  any  area  during  the 
1980s.  Therefore,  it  is  assumed  that  for  the  near-term  IPC  equipment  will 
be  installed  on  45  percent  of  the  aircraft  of  the  peak  traffic  load  repre- 
sented by  the  1982  Los  Angeles  Basin  model  (Chapter  Four) . 
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The  communications  volume  necessary  to  provide  separation  assurance  to 
this  level  of  IPC-equipped  aircraft  is  the  assumed  typical  workload  for  an 
interim,  near-term  IPC  VHP  system.  If,  on  the  other  hand,  the  IPC  VHP  op- 
tions are  to  be  long-term  solutions  to  separation  assurance,  they  must  be 
capable  of  sustaining  significantly  higher  aircraft  densities  and  much 
greater  numbers  of  IPC-equipped  system  users.  The  capacity  of  the  IPC  VHP 
data  links  to  provide  long-term  service  to  the  aviation  communities  must 
be  measured  against  the  density  projections  of  the  1995  Los  Angeles  Basin 
traffic  model  (summarized  in  Reference  11) . In  this  worst-case  aircraft- 
density  model,  the  expected  excess  of  1,000  aircraft,  all  IPC-equipped,  is 
assumed  to  be  representative  of  the  heavier  traffic  densities  and  therefore 
heavier  communications  workloads  through  the  end  of  this  century. 

Por  computing  the  maximum  traffic  that  can  be  handled  by  a system,  two 
performance  thresholds  have  been  applied.  It  is  assumed  that  the  data  link 
equipment  can  sustain  duty  cycles  up  to,  but  not  exceeding,  70  percent  and 
that  the  IPC  messages  must  not  be  delayed  more  than  two  seconds. 

The  performance  evaluation  criteria  described  here  are  used  in  Section 
7.2  to  derive  and  compare  the  near-term  and  long-term  capability  of  the 
various  IPC  VHP  system  concepts. 


7,2  PERFORMANCE  EVALUATION  OF  THE  IPC  IMPLEMENTATION  CASES 

This  section  addresses  each  of  the  proposed  IPC  VHP  data  link  imple- 
mentation cases  and  computes  the  near-term  and  long-range  performance 
capabilities  of  each.  Accompanying  tables  indicate  numerically  the  expected 
performance  of  the  IPC  VHP  system  concepts  under  near-term  traffic  loads, 
as  well  as  the  aircraft  density  at  which  system  saturation  is  expected. 

7.2.1  Case  1 - Implementation  of  Dedicated  IPC  VHP  Data  Link 

Case  1 entails  the  development  of  a dedicated  data  link,  either  one 
way  or  duplex,  exclusively  to  handle  the  transmission  of  IPC  command  mes- 
sages. The  implementation  options  presented  for  Case  1 have  allowed  for 
the  segmenting  of  airspace  horizontally  by  altitude  bands  and  the  assigning 
of  discrete  frequencies  to  each  band  in  an  attempt  to  ensure  growth  potential 
and  reduce  channel  usage. 

The  study  has  shown  that  all  options  of  the  dedicated  data  links  exhibit 
an  interim  capability  — that  is,  the  ability  to  service  a level  of  45  per- 
cent IPC-equipped  aircraft  from  the  peak  aircraft  density  predicted  by  the 
1982  Los  Angeles  Basin  traffic  model.  Tadsle  7-1  presents  the  interim  opera- 
ting characteristics  and  long-term  capability  possible  through  use  of  a sys- 
tem constrained  by  the  required  equipment  parameters  listed  in  Table  4-6. 

The  typical  1980s  operating  characteristics  are  obtained  from  the  channel- 
capacity  curves  of  Chapter  Four  at  the  800-aircraft  level  with  45  percent 
IPC-equipped  and  are  in  accordance  with  the  equipment  parameter  set  stated. 
The  four-channel  altitude-banded  concepts  assume  channel  operating  regions 
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IMPLEMENTATION  CASE  1 - DEDICATED  IPC  VHP  DATA  LINK 


of  between  30  percent  and  75  percent  of  the  total  1980s  communications  work- 
load. As  in  the  altitude-banding  discussions  of  Chapter  Four  and  Appendix 
C,  these  percentages  include  both  communications  for  conflict  resolution  and 
redundant  communications  due  to  overlap  in  band  coverage.  The  lower  and 
upper  limits  of  channel  operation  are,  respectively,  equivalent  to  an  even 
division  of  the  communications  workload  (accomplished  through  nonuniform 
allocation  of  altitude  bands)  and  to  the  more  practical  allocation  of  alti- 
tude bands  that  results  in  greater  usage  of  the  lower-altitude-band  channel 
than  the  higher-altitude-band  channels  (see  Appendix  C) . It  is  for  this 
reason  that  Table  7-1  states  only  probable  maximums  and  minimums  for  the 
typical  operating  characteristics  for  the  altitude-banding  concepts. 

The  effective  number  of  aircraft  at  which  maximum  load  capability  is 
reached  is  also  obained  from  the  channel-capacity  curves.  In  single-channel 
concepts,  this  maximum  capcibility  is  arrived  at  by  an  extrapolation  of  the 
100  percent  IPC-equipped  curve  until  it  surpasses  one  or  both  of  the  desired 
communications  requirements  (70  percent  utilization  or  2 seconds) . In 
altitude-banding  concepts,  the  effective  number  of  aircraft  is  obtained 
through  interpretation  of  the  channel-capacity  curves,  which  relates  the 
total  level  of  communications  throughput  to  an  expected  level  of  per-channel 
communications.  In  interpreting  the  channel-capacity  curves,  it  is  assumed 
that  each  channel  has  a utilization  rate  of  70  percent  and  is  handling  30 
percent  of  the  communications  load  (an  optimal  system  state) . This  is  the 
basis  for  calculating  the  effective  number  of  aircraft  generating  this 
communications  load  per  channel.  In  determining  the  effective  number  of 
aircraft  per  system,  it  is  necessary  to  account  for  the  fact  that  5 percent 
of  the  channel  communications  are  due  to  the  overlap  in  bands,  causing 
redundant  transmissions  to  aircraft  in  those  regions. 

As  a long-term  IPC  implementation.  Table  7-1  indicates  that  the  single- 
channel uplink  one-way  concept  must  be  eliminated  because  of  insufficient 
capability  in  probable  worst-case  traffic  areas  of  the  late  1990s.  The 
single-channel  duplex  concept  provides  only  a slight  increase  in  capability 
over  the  one-way  concept.  However,  the  multi-channel  altitude-banding 
concepts  exhibit  capability  sufficient  to  handle  expected  peak  communications 
workloads  through  the  turn  of  the  century. 

7.2.2  Case  2 - Implementation  of  IPC  Using  AGARS  Data  Link 

IPC  on  the  ACARS  data  link  was  proposed  to  provide  to  the  commercial 
air  carrier  industry  a near-term  method  of  separation  assurance  and  collision 
avoidance  over  existing  flight  paths.  The  extension  of  this  option  to  trans- 
mit IPC  commands  to  non-ACARS  members,  as  well  as  IPC  and  ACARS  communica- 
tions to  ACARS  members,  was  based  on  the  assumption  that  the  proper  inter- 
face procedures  and  cooperation  between  the  FAA  and  ACARS  members  could  also 
be  achieved. 

Typical  1980s  operating  characteristics  for  this  option  were  based  on 
a density  of  800  aircraft,  40  percent  receiving  IPC  through  mini-ACARS 
avionics  and  5 percent  receiving  IPC  through  the  ACARS  avionics.  The  capa- 
bility of  an  IPC/ACARS  data  link  under  this  communications  workload  was 
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found  to  be  suitable  only  for  short-term  interim  use  and  only  following 
modification  of  the  proposed  ACARS  bit  rate.  The  maximum  load  capability 
is  heavily  dependent  on  the  percentage  mix  of  ACARS  and  IPC  traffic  and 
would  be  unacceptable  under  expected  long-term  communications  workload. 
Table  7-2  summarizes  the  data  link  characteristics  of  this  option. 


Table 

^-2.  IMPLEMENTATION  CASE 

2 - IPC/ACARS  VHF  DATA  LINK 

System 

Concept 

Equipment 
Parameter 
Set  (See 
Table  4-6) 

Typical  1900s  Operating 
Characteristics 
(per  channel)* 

Maximum  Load 
Capability 

Utilization 

(Percent) 

Delay  Time 
(Seconds) 

IPC  Using 

C 

Dependent  on  number 

ACARS 

of  ACARS  users;  ex- 

p = 45 

p = 0.47 

pected  growth  po- 

IPC  Using 

C 

tential  very  limit- 

Mini -ACARS 

ed  (see  Figure 

4-12)  . 

♦Represents  cperating  characteristics  of  800  aircraft  in  the  area  with 

45  percent 

IPC-equipped  and  5 percent  ACARS-equipped. 

7.2.3  Case  3 - Implementation  of  Hybrid  Configuration  of  a Dedicated  IPC 
VHF  Data  Link  for  Non-ACARS  Members  and  IPC  Using  ACARS  for  ACARS 
Members 


The  Case  3 approach,  as  in  the  previous  option,  provides  immediate  IPC 
implementation  to  ACARS  members  (predominantly  the  commercial  air  carriers 
and  selected  high-performance  general  aviation)  through  use  of  the  existing 
ACARS  ground  network  and  existing  ACARS  avionic  equipment.  The  extension 
of  IPC  service  to  non-ACARS  members  in  this  option  is  provided  by  a dedicated 
IPC  VHF  data  link  similar  to  four  options  of  Case  1. 

The  channel-capacity  curves  of  Chapter  Four  indicate  that  the  ACARS 
system  operating  within  the  system-design  bit  rate  (2400  bps)  can  be  satis- 
factorily augmented  to  handle  IPC  messages  to  ACARS  members  on  a priority 
basis.  The  typical  1980s  operating  characteristics  listed  in  Table  7-3 
for  IPC  using  ACARS  are  based  on  the  aircraft  density  as  derived  from  the 
1982  Los  Angeles  Basin  model  with  5 percent  of  the  800  aircraft  (i.e. , 40 
aircraft)  both  IPC-  and  ACARS -equipped.  The  channel  utilization  noted 
accounts  for  both  the  IPC  and  ACARS  messages  communicated  over  the  channel, 
whereas  the  delay  time  refers  to  the  uplink  IPC  delay  time  only.  The 
mciximum  load  capacity  of  an  IPC/ACARS  data  link  channel  is  dependent  on 
possible  increases  in  the  percentage  of  ACARS-equipped  aircraft  as  well  as 
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increases  in  aircraft  density.  In  the  analysis  it  has  been  assumed  that 
long-range  IPC  implementation  with  ACARS  will  approach  13  percent  of  the 
area  population  (contingent  on  all  the  high-performance  general  aircraft 
becoming  ACARS  users).  For  continuity  in  the  tables,  the  maximum  channel 
load  capability  is  stated  in  terms  of  total  aircraft,  of  which  13  percent 
are  assumed  to  be  IPC-  and  ACARS -equipped.  The  determined  maximum  level  of 
aircraft  being  serviced  by  an  ACARS  data  link  (i.e.,  handling  both  the  IPC 
and  ACARS  traffic)  is  constrained  by  requiring  a total  channel  utilization 
of  70  percent  or  less  and  uplink  IPC  delay  times  no  greater  than  2 seconds. 
Table  7-3  indicates  that  the  ACARS  link  can  support  a long-term  workload 
generated  by  the  assumed  percentage  of  ACARS  members  (13  percent)  if  the 
total  aircraft  population  does  not  exceed  1050. 

The  typical  1980s  operating  characteristics  of  the  dedicated  IPC  data 
links  are  computed  by  assuming  that  5 percent  of  the  initial  total  communi- 
cations workload  will  reside  on  the  IPC/ACARS  link.  The  reduced  channel 
utilization  is  then  calculated  and  correlated  to  a delay  time.  As  in  Section 
7.2.1,  it  is  assumed  for  evaluation  of  the  four  channel  alternatives  that 
between  30  percent  and  75  percent  of  the  remaining  communications  will  re- 
side on  any  one  altitude-band  frequency.  For  computing  the  maximum  load 
capability,  it  is  assumed  that  approximately  13  percent  of  the  total  IPC 
communications  will  be  handled  by  the  IPC/ACARS  link  and  87  percent  will 
have  to  be  served  by  the  dedicated  IPC  link. 

The  maximum  aircraft  load  per  channel  from  Table  7-3  represents  the 
maximum  number  of  aircraft  that  can  be  handled  by  the  channel  without  ex- 
ceeding the  70  percent  utilization  or  2-second  delay  time  requirements. 

The  maximum  aircraft  load  per  system  indicated  in  the  table  is  the  total 
effective  number  of  aircraft  generating  communications  that  saturate  either 
the  dedicated  or  the  ACARS  data  link.  The  capability  of  the  hybrid  concept 
depends  on  the  level  of  IPC/ACARS  usage  and  the  operating  characteristics 
of  both  the  chosen  dedicated  data  link  and  the  IPC/ACARS  link.  These  fac- 
tors, in  turn,  are  functions  of  the  aircraft  density  and  rate  of  conflict 
occurrence.  Table  7-3  indicates  that  the  duplex  single-channel  option 
(pareuneter  set  C)  and  the  altitude-banding  options  of  the  dedicated  IPC 
data  links  can  be  used  with  the  IPC/ACARS  link  to  configure  hybrid  systems 
with  long-term  capability. 


7.3  CAPABILITY  AND  COST  SUMMARY 

The  performance  evaluation  has  shown  that  both  interim  and  long-term 
service  can  be  provided  through  use  of  various  options  of  the  proposed  VHF 
data  link  concepts.  A level  of  capaibility  sufficient  to  provide  service 
to  initial  users  of  an  interim  IPC  data  link  was  exhibited  by  certain  op- 
tions developed  within  the  dedicated  and  hybrid  IPC  data  link  concepts. 
Table  7-4  summarizes  the  unit  avionics  costs  as  a function  of  interim  and 
long-range  capability  for  each  system  concept  considered  under  the  proposed 
IPC  options.  It  indicates  that  interim  to  long-term  IPC  capability  can  be 
provided  to  coimm^rcial  air  carriers  over  a dedicated  data  link  at  a unit 
avionics  cost  of  between  $2,011  to  $3,172  per  aircraft,  assuming  single 
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Table  7-4.  CAPABILITY  AND  COST  SUMMARY  OF  THE  IPC  VHF  DATA  LINK  CASES 


1 

Option 

System  Capability* 

Unit  Avionics  Costs  i 

[Dollars) 

Commercial 
and  MAC 

General 

Aviation 

Interim 

Long  Term 

High 

Performance 

Low 

Performance 

Dedicated 

Data  Link 

1 - Single 
Channel , 

One  Way 

X 

N/A 

2011  ^ 

2620 

738 

2 - Four 

Channel , 

One-Way 

X 

X 

2233 

2910 

903 

3 - Single 
Channel , 

Duplex 

X 

N/A 

2885 

3762 

1047 

4 - Four 

Channel , 

Duplex 

X 

X 

3172 

4135 

1260 

IPC/ACARS 

Data  Linic 

IPC  Using  ACARS 

X 

N/A 

1207 

1568 

- 

IPC  Using  Mini- 
ACARS 

■ 

— 

593* 

Hybrid 

With  Dedicated 
Option  1 

X 

N/A 

ACARS  Users 

Non-ACARS 

Users 

1207 

1568 

738 

With  Dedicated 
Option  2 

X 

X 

ACARS  Users 

Non-ACARS 

Users 

1207 

1568 

903 

With  Dedicated 
Option  3 

X 

X 

ACARS  Users 

Non-ACARS 

Users 

1207 

1568 

1047 

With  Dedicated 
Option  4 

X 

X 

ACARS  Users 

Non-ACARS 

Users 

1207 

1568 

1260 

♦Not  including  VHF  transceiver 

**X  = capability  exists;  N/A  = not  appliceUsle. 
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(nonredundant)  system  configurations.  General  aviation  can  be  equipped  for 
participation  in  a dedicated  link  at  avionics  costs  ranging  from  $738  to 
$1,260  for  low-performance  aircraft  and  $2,620  to  $4,135  for  high-performance 
aircraft.  The  IPC/ACARS  data  link  was  shown  to  have  onl^  enough  capadjility 
to  sustain  IPC  levels  of  communications  typical  of  near-term  system  use. 

The  associated  avionics  costs  for  this  service,  presented  in  Table  7-4,  are 
representative  of  the  costs  involved  in  modifying  the  AGARS  avionics  of 
commercial  air  carriers  and  high-performance  general  aviation  and  the  avion- 
ics costs  (excluding  VHF  transceiver)  associated  with  the  low-performance 
general  aviation  mini-ACARS.  Typical  avionics  costs  for  long-term  use  of 
the  hybrid  option  are  summarized  in  the  table  as  approximately  $1,207  for 
commercial  air  carriers,  $1,568  for  high-performance  general  aviation,  and 
$903  to  $1,260  for  low-performance  general  aviation  (depending  on  the  chosen 
dedicated  data  link  option) . 

Judgments  concerning  which  concept  or  concepts  provide  the  most  cost- 
effective  interim  and  long-term  VHF  data  link  approach  to  collision  avoid- 
ance would  have  to  be  based  on  more  than  the  avionics  costs  developed.  A 
cost-effectiveness  assessment  would  include  an  extensive  life-cycle-cost 
analysis  of  the  avionics  system,  as  well  as  a study  of  the  support  required 
for  ground  IPC  VHF  systems  and  interface  systems. 
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CHAPTER  EIGHT 


CONCLUSIONS  AND  RECOMMENDATIONS 


The  study  has  shown  that  IPC  can  be  implemented  by  using  VHF  data  links 
with  avionics  of  reasonable  cost.  Whether  an  IPC  VHF  data  link  should  be 
considered  seriously  will  depend  on  the  cost  and  performance  of  alternative 
approaches  and  the  integration  of  all  FAA  future  plans  and  developments. 

The  study  has  focused  on  three  potential  VHF  data  link  concepts  and 
analyzed  their  use  in  an  IPC  separation-assurance  system.  The  data  links 
proposed  for  the  analysis  were  a dedicated  VHF  data  link  for  IPC  traffic 
only,  a combined  company  communications  and  IPC  VHF  data  link,  and  a com- 
bined FAA/ATC  tactical  and  IPC  VHF  data  link.  Since  near-term  implementa- 
tion of  an  FAA/ATC  tactical  and  IPC  VHF  data  link  was  considered  impractict.  1 , 
the  concept  was  not  evaluated  in  detail.  The  other  two  concepts,  as  well 
as  a hybrid  mixture  of  these  two  concepts,  were  evaluated  for  throughput 
capacity  and  avionics  costs.  The  hybrid  system  configuration  was  based  on 
the  transmission  of  IPC  commands  on  an  ACARS  data  link  for  commercial  air 
carriers  (and  potentially  some  high-performance  general  aviation  aircraft) 
and  on  a dedicated  VHF  data  link  for  the  remainder  of  the  aviation  population. 

The  performance  analysis  of  these  IPC  VHF  data  links  was  based  on  an 
analytical  model  of  the  data  link  channel-management  characteristics.  This 
analytical  channel-capacity  model  incorporated  the  correlation  between 
various  aircraft  densities  and  percentages  of  IPC  system  users  and  the  re- 
sulting IPC  communications  workloads.  The  model  was  used  in  evaluating  the 
impact  of  various  modes  of  IPC  VHF  data  link  channel-management  and  data 
link  characteristics  of  ground  equipment  and  avionics  to  establish  the  data 
link  system  performance  in  terms  of  total  channel  utilizations  and  uplink 
IPC  delay  times. 

Designs  of  equipment  configurations  required  by  each  potential  class 
of  system  users  (air  carriers,  MAC  aircraft,  and  both  high-  and  low- 
performance  general  aviation)  were  developed  for  each  IPC  VHF  data  link 
concept  analyzed.  The  avionics  costs  developed  were  based  on  these  equip- 
ment designs  and  reflected  the  major  cost  factors  of  typical  air  carrier 
and  general  aviation  avionics  manufacturers. 
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8.1  NEAR-TERM  FEASIBILITY  OF  USING  A VHF  DATA  LINK  IN  AN  IPC  SEPARATION- 

ASSURANCE  SYSTEM 

The  principal  conclusion  resulting  from  this  analysis  of  proposed  IPC 
VHF  data  links  is  that  it  is  technically  feasible  to  sustain  near-term  com- 
munications workloads  of  an  IPC  system  implemented  over  a VHF  data  link. 

The  characteristics  of  the  possible  VHF  data  links  for  this  near-term  IPC 
system  were  found  to  be  well  within  the  state  of  the  art  of  avionics  and 
obtainable  with  large  percentages  of  currently  used  avionics  and  FAA  ground 
equipment.  The  concept  of  a dedicated  single-nationwide-channel  data  link 

for  use  by  IPC  exhibited  sufficient  capability  to  accommodate  near-term  ! 

traffic  loads  and  expected  levels  of  IPC  system  users.  This  dedicated  data 
link  could  be  configured  as  either  a one-way  system  (one-frequency  ground- 

air  link)  or  a duplex  system  (a  pair  of  frequencies:  one  ground-air,  one  ^ 

air-ground)  depending  on  the  necessity  for  a reply  to  the  uplink  IPC  command. 

Of  the  developed  unit  avionics  costs  for  the  dedicated  IPC  VHF  data  links, 

the  lowest  cost  was  associated  with  the  single-channel  one-way  option  be-  i 

cause  of  the  minimal  avionics  required  for  this  option.  The  avionics  costs 

of  $2,011  for  commercial  air  carriers,  $2,620  for  high-performance  general 

aviation,  and  $738  for  low-performance  general  aviation  are  representative 

of  the  minimal  unit  avionics  costs  expected  under  the  implementation  of  a 

dedicated  IPC  VHF  data  link  for  near-term  service. 

The  ACARS  VHF  data  link  network  was  also  found  capable  of  providing 
near-term  IPC  service.  Implementation  of  this  concept  requires  modification 
of  system  data  rate  and  addition  of  IPC  logic  processing  and  display  for 
ACARS-equipped  aircraft.  Avionics  costs  developed  under  this  concept  ac- 
count for  augmenting  ACARS  equipment  of  the  commercial  air  carriers  and  high- 
performance  general  aviation  ($1,207  and  $1,568,  respectively)  and  making 
new  installations  of  mini-ACARS  in  low-performance  general  aviation  aircraft 
at  an  avionics  cost  of  $593  (excluding  a VHF  transceiver) . Although  econom- 
ically more  acceptable  than  the  dedicated  concepts,  the  IPC/ACARS  system  was 
found  to  be  capacity-limited.  Its  operating  characteristics  are  heavily 
dependent  on  both  the  number  of  ACARS  users  and  the  level  of  ACARS  communi- 
cations. In  addition  to  the  resolution  of  interface  equipment  and  operating 
procedures,  the  FAA  and  ACARS  users  would  have  to  reach  an  agreement  con- 
cerning the  use  of  the  network  by  non-ACARS  members. 


8.2  LONG-TERM  FEASIBILITY  OF  USING  A VHF  DATA  LINK  IN  AN  IPC  SEPARATION- 

ASSURANCE  SYSTEM 

The  analysis  has  indicated  that  certain  IPC  VHF  system  concepts  offer 
sufficient  capacity  to  service  the  expected  long-term  separation-assurance 
communications  traffic  load  of  the  1990s. 

The  IPC  VHF  dedicated  data  link  could  provide  long-term  capacity  with 
the  altitude-banding  configurations  of  either  the  one-way  or  duplex  options. 
The  lower  communications  workload  associated  with  each  frequency  in  these 
options  permits  the  use  of  equipment  characteristics  that  are  well  within 
the  state  of  the  art  and  widely  used  by  both  air  carrier  and  general  aviation 
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aircraft.  Avionics  cost  develop.aents  for  this  concept  indicate  required 
expenditures  of  $2,233  or  #3,172  for  commercial  air  carriers,  $2,909  or 
$4,135  for  high-performance  general  aviation,  and  $903  or  $1,260  for  low- 
performance  general  aviation  (the  lower  cost  associated  with  one-way 
altitude  banding  and  the  higher  cost  with  duplex  altitude  banding) . 

The  hybrid  system  configuration  was  found  to  provide  long-term  capa- 
bility through  combination  of  the  ACARS  data  link  with  either  an  altitude- 
banded  one-way  dedicated  VHF  data  link  or  a single-frequency  duplex  VHF 
data  link.  In  the  avionics  cost  developments  for  this  system,  it  was 
assumed  that  air  carrier  and  high-performance  general  aviation  aircraft 
will  modify  their  ACARS  avionics  at  a cost  of  $1,207  and  $1,568,  respectively. 
The  unit  avionics  costs  to  the  low-performance  general  aviation  users  are 
based  on  the  dedicated  VHF  data  link  concept;  these  costs  are  $903  or  $1,047 
depending  on  whether  the  dedicated  link  is  configured  as  an  altitude-banded 
one-way,  or  single-frequency  duplex  system. 

8.3  FURTHER  AREAS  OF  INVESTIGATION 

This  study  demonstrates  the  technical  feasibility  of  implementing  IPC 
commands  over  a VHF  data  link.  The  capability  exhibited  and  the  avionics 
costs  developed  are  only  the  first  steps  in  determining  the  benefits,  cost- 
effectiveness,  and  total  commitment  involved  in  implementing  an  IPC  VHF  data 
link  progrcim.  This  section  identifies  major  technical  and  economic  areas 
that  must  be  analyzed  further  before  the  FAA  proceeds  with  development  of 
an  IPC  VHF  data  link. 

8.3.1  Technical  Investigations 

This  study  has  concentrated  on  the  avionics  complexity  of  an  IPC  VHF 
data  link  system.  To  account  completely  for  all  technical  aspects  of  such 
a system,  it  is  necessary  to  determine  both  the  IPC  ground  facilities  and 
nationwide  altitude  bands  and  overlap  regions.  The  investigation  of  IPC 
ground  facilities  would  include  evaluation  of  the  equipment  and  operations 
involved  in  each  of  the  IPC  VHF  system  concepts.  Nationwide  location  of 
transmitter  stations,  areas  of  coverage,  cind  correlation  procedures  for 
adjacent  transmitters  should  be  investigated.  Ground  systems  necessary 
for  interfacing  with  the  ACARS  network  should  be  identified,  and  operational 
and  technical  concerns  of  the  near-term  IPC/ACARS  or  long-term  hybrid  IPC 
VHF  system  concepts  should  be  resolved. 

Long-term  capability  of  the  IPC  VHF  system  has  been  shown  to  depend  on 
the  use  of  altitude  banding  of  a dedicated  VHF  data  link.  Nationwide  top- 
ology eind  traffic  densities  would  have  to  be  investigated  to  determine 
appliccible  nationwide  altitude  bands  and  overlap  regions  for  the  system 
concepts  in  which  it  is  proposed  to  use  this  technique. 

8.3.2  Economic  Investigations 

Upon  the  conclusion  of  the  technical  investigations,  a life-cycle-cost 
analysis  of  the  IPC  VHF  systems  should  be  performed.  The  objective  of  this 
economic  study  would  be  to  measure  and  quantify  the  technical  and  economic 
benefits  of  the  system  concepts  to  estciblish  the  most  cost-effective  technique. 
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APPENDIX  A 


CAPABILITY  ANALYSIS  OF  AN  IPC/ATC  VHF  DATA  LINK 


1.  INTRODUCTION 

This  appendix  considers  the  system  concept  of  a shared,  priority- 
ordered  data  link  designed  to  carry  IPC  and  some  form  of  digitized  ATC 
traffic.  Completely  digital  ATC  communications  would  include  the  ATC  tac- 
tical messages  relaying  assigned  heading,  altitude,  VHF  voice  frequency, 
and  airspeed,  and  the  longer  multi-character,  free-text  format  of  ATC  record 
messages.  The  implementation  of  such  a data  link  in  the  period  of  interest 
to  this  study  is  not  anticipated.  This  appendix  formulates  most  of  the 
characteristics  of  a complete  ATC  digital  communications  link  to  define  a 
valid  interim  IPC/partial  ATC  digital  data  link.  The  channel-capacity 
analysis  of  Chapter  Four  is  then  performed  on  this  interim  IPC/ATC  data  link. 


2.  MESSAGE  FORMATS 

2. 1 ATC  Tactical  Message  Format 


Reference  3 developed  a message  format  and  display  for  ATC  tactical 
data.  Figure  A-1  and  the  discussion  that  follows  are  based  on  this  work. 


Heading 


IX  X XI 


Frequency 


II  III  IV  V 


Altitude 


VI 

VII 

VIII 

Airspeed 

XII 

XIII 

XIV 

Figure  A-1.  ATC  TACTICAL  DISPLAY 
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2.1.1  VHF Frequency  Display  Field 


The  constraints  imposed  on  the  ramge  of  VHF  frequencies  availcible  for 
aircraft  use  can  be  incorporated  into  the  coding  scheme  to  reduce  unnecessary 
bit  transmission.  It  is  apparent  that  there  are  only  four  significant  digits 
in  the  frequency  range  of  118.000  through  135.975  MHz  when  the  range  is 
considered  in  increments  of  0.025  MHz  (i.e.,  there  are  720  channels). 

The  first  digit  (I)  is  always  a "1"  and  can  be  permanently  shown  on 
the  display  face,  whereas  the  sixth  digit  need  not  be  displayed  since  it 
assumes  the  value  0 or  5,  which  is  inplied  e^licitly  by  the  value  of  the 
fifth  digit  (V) . 

The  second  digit  (II)  assumes  the  values  1,  2,  or  3,  which  can  be  coded 
in  straight  binary. 

The  third  and  fourth  digits  (III  and  IV)  both  can  range  from  0 through 
9 cind  therefore  should  be  encoded  in  BCD. 

The  fifth  (V)  digit  can  take  on  only  the  values  0,  2,  5,  and  7.  It  can 
be  encoded  by  two  bits  as  follows: 

00  =0,  01  = 2,  10  = 5,  and  11  = 7 

It  is  thus  implied  that  the  number  of  bits  necessary  for  VHF  frequency 
determination  is  12  bits.  Although  a more  compact  scheme  using  10  bits 
would  be  possible,  it  was  believed  that  the  potential  design  simplifications 
would  support  the  additional  2 bits. 

2.1.2  Altitude  Display  Field 

Altitude  ranging  from  0 to  79,000  feet  in  increments  of  500  feet  will 
be  coded  by  use  of  8 bits  as  follows:  the  first  altitude  digit  (VI)  ranging 
from  0 to  7 is  encoded  by  the  first  3 bits  in  BCD.  The  second  digit  (VII) 
ranges  from  0 to  9 and  will  be  encoded  in  straight  4-bit  BCD.  The  third 
digit  (VIII)  has  only  two  possible  values,  0 to  5,  and  needs  only  1 bit  to 
be  coded  (i.e.,  "1"  would  cause  the  numeral  5 to  be  displayed,  and  "0"  would 
cause  0 be  displayed) . 

2.1.3  Heading  Display  Field 

Ten  bits  are  used  for  encoding  the  possible  360  headings  ranging  from 

0 to  359.  The  first  digit  (IX)  is  encoded  by  two  bits  in  straight  binary. 

The  next  two  digits  (X,  XI)  are  each  encoded  in  straight  4-bit  units  of  BCD. 

2.1.4  Airspeed  Display  Field 

The  airspeed  display  ranges  from  0 to  995  knots  in  units  of  5 knots  and 
is  encoded  by  the  use  of  9 bits.  The  first  two  digits  (XII,  XIII)  are  encoded 
in  straight  BCD  in  two  4-bit  groups.  The  last  digit  (XIV)  can  be  coded  with 

1 bit  by  the  use  of  the  scune  technique  mentioned  for  the  third  altitude 
digit. 
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2.1.5  Operation  Determinant  (OP)  Field) 


After  each  coding  sequence,  two  bits  are  reserved  for  the  following 
display  management  functions.  A 00  code  in  this  field  commands  that  a 
blank  be  shown.  A 01  code  commands  that  the  old  content  be  replaced  with 
the  new  and  that  the  numerals  be  lighted  continuously.  A 10  code  has  the 
same  meaning  as  01,  with  the  additional  command  that  the  numerals  be  flashed. 
A 11  code  overrides  any  present  content  of  the  trcinsmitted  field  and  directs 
the  display  to  remain  as  is. 

Figure  A-2  shows  the  bit  assignments  for  the  total  47-bit  text  of  ATC 
tactical  transmissions. 


VHF 

OD 

Altitude 

OD 

Heading 

OD 

Airspeed 

OD 

12  bits 

2 

8 

2 

10 

2 

9 

2 

Figure  A-2.  TEXT  FORMAT  FOR  ATC  TACTICAL  MESSAGE 

2.2  ATC  RECORD  MESSAGE  FORMAT 

ATC  record  communications,  composed  of  such  non-time-critical  messages 
as  flight  plan  revisions,  weather  reports,  and  ATIS  reports,  will  have  the 
characters  of  their  text  coded  in  a manner  similar  to  the  ACARS  message 
format  described  in  Chapter  Three  (Section  3.1.2)  of  this  report.  This 
implies  that  the  message  format  of  a complete  digital  ATC  and  IPC  VHF  data 
link  will  have  the  following  message  structure: 


Function  Leng ch 


Pre-Key 

16 

characters 

Bit  Synchronization 

2 

characters 

Character  Synchronization 

2 

characters 

Start  of  Heading 

1 

character 

Mode 

1 

character 

Address 

7 

characters 

Technical  Acknowledgment 

1 

character 

Label 

2 

characters 

Start  of  Text 

1 

character 

Text 

ATC  Tactical  Text 

6 

characters 

(47  + 

1 

bits) 

ATC  Record  Text 

220 

characters 

(maximum) 

IPC  Text 

2 

characters 

(13  + 

3 

bits) 

Suffix 

1 

character 

BCS 

16 

bits 

BCS  Suffix 

1 

character 
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3 . MESSAGE-ARRIVAL  RATES 

The  message  arrival  rates  of  ATC  communications  are  a function  of 
flight  rules  (IFR,  VFR)  and  airspace  in  which  an  aircraft  is  operating 
(TCA,  en  route,  etc.). 

3.1  ATC  Tactical  Uplink  Message-Arrival  Rates 


The  following  message-arrival  rates  have  been  generated  for  ATC  tactical 
message  traffic  (see  Reference  11  for  further  details). 

3.1.1  Message-Arrival  Rates  for  IFR  Aircraft  in  the  TCA  cuid  En  Route 
Areas  j 

Representative  message  types  and  frequency  of  occurrence  of  such  com- 
munications for  IFR  aircraft  arriving  or  departing  in  a TCA  are  given  in 
Table  A-1. 


Table  A-1.  ATC  TACTICAL  COMMUNICATIONS  FOR  TERMINAL 
CONTROL  AREA  IFR  AIRCRAFT 


Message 

Type 

Number  of 
Messages  per 
Aircraft 

Number  of 
Minutes  under 
Control 

Number  of 
Messages 
per  Aircraft 
per  Minute 

Arrival 

Departure 

Arrival 

Departure 

Altitude 

Assignment 

4 

2 

20 

0.20 

0.10 

Heading 

Assignment 

6 

2 

20 

0.30 

0.10 

Speed 

Assignment 

4 

2 

20 

0.20 

0.10 

Voice  Frequency 
Assignment 

2 

2 

20 

0.10 

0.10 

Total 

0.80 

0.40 

If  equal  numbers  of  arrivals  and  departures  are  assume  d,  then  the  mean 
rate  of  0.60  message  per  aircraft  per  minute  is  used. 

For  aircraft  in  en  route  areas  (i.e.,  above  10,000'  MSL)  an  overall 
maximum  average  of  0.26  message  per  aircraft  per  minute  is  assumed. 

3.1.2  Message  Arrival  Rates  for  VFR  Aircraft  in  TCA  and  VFR  Highway 

Table  A-2  indicates  typical  message  types  and  frequency  of  occurrence 
of  ATC  Tactical  Communications  for  VFR  aircraft  in  either  the  TCA  or  VFR 
Highway. 
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Table  A-2 . 

ATC  TACTICAL 

CONTROL  AREA 

COMMUNICATIONS 

VFR  AIRCRAFT 

; FOR  TERMINAL 

Message 

Type 

Number  of 
Messages 
per  Area  per 
Aircraft 

Number  of 
Minutes  under 
Control  or 
within  Area 

Average  Number  of 
Messages  per 
Aircraft  per 
Minute 

Altitude 

Assignment 

1 per  flight 

20 

0.05 

Heading 

Assignment 

2 per  flight 

20 

0.10 

Speed 

Assignment 

1 per  flight 

20 

0.05 

Voice  Frequency 
Assignment 

1 per  flight 

20 

0.05 

Total 

0.25 

3.1.3  Message-Arrival  Rates  for  IFR  and  VFR  Aircraft  in  Mixed 
Airspace 

It  is  assumed  that  all  applicable  IFR  aircraft  in  mixed  airspace  will 
receive  ATC  tactical  messages  at  the  same  rate  as  IFR  aircraft  en  route, 
and  that  15  percent  of  the  VFR  aircraft  in  this  area  will  receive  at  a rate 
approximately  equal  to  that  of  VFR  aircraft  in  TCA  and  VFR  Highway  areas. 

This  implies  that  15  percent  of  VFR  and  all  applicable  IFR  aircraft  will 
receive  ATC  tactical  messages  at  a rate  approximately  equal  to  0.26  message 
per  minute. 

3. 2 ATC  Tactical  Downlink  Message-Arrival  Rates 

In  this  appendix  it  is  assumed  that  all  uplink  messages  to  an  aircraft 
will  be  verified  as  to  their  content  by  either  an  automatic  technical 
acknowledgment  (ACK/NAK)  or  the  pilot's  acknowlegment  and  intent  to  con^jly 
(WILCO/UNABLE) . The  downlink  transmission  will  contain  the  entire  uplink 
message  and  appropriate  acknowledgment.  Whether  this  process  is  automatically 
handled  without  human  intervention  (as  in  the  ACK/NAK  case)  or  initiated  only 
after  receipt  of  the  pilot's  input  (WILCO/UNABLE)  is  ein  operational  concern. 
What  results  in  either  case  is  a downlink  message-arrival  rate  equal  to  the 
uplink  rate. 

3. 3 ATC  Record  Message-Arrival  Rates 

Only  commercial  carriers  and  high-performance  general  aviation  are 
expected  to  implement  the  capability,  typical  of  ATC  record  messages,  for 
long,  unformatted,  free-text,  and  multi-alphanumeric-character  transmissions 
over  a digital  link.  Table  A-3  lists  the  expected  message  types,  character 
text  lengths,  and  message  frequency  characteristics  of  ATC  record  communica- 
tions for  a one-hour  flight. 


Table  A-3 

. ATC  RECORD  TRAFFIC  CHARACTERISTICS 

Uplink 

Typical  one-hour  Flight 

Message  Type 

or 

Downlink 

Messages 
Flight  per 

Text  Characters 
per  Message 

Characters 
per  Flight 

Flight  Plan 

Revision 

D 

0.2 

100 

20 

Noncontrol  Advisory 
(ATIS) 

U 

1.0 

300 

300 

Ground- to-Air 
Weather  (En  Route) 

U 

1.0 

250 

250 

Ground- to-Air 
Weather  (Terminal) 

U 

1.0 

125 

125 

Terminal  Update 
(ATIS) 

U 

1.0 

50 

50 

Approximations  drawn  from  Table  A-3  are  ein  ATC  record  message-arrival 
rate  of  0.07  message  per  aircraft  per  minute  and  an  average  message  test 
length  of  175  characters. 


4.  PARTIAL  ATC  DIGITAL  IMPLEMENTATION  OPTION 

Since  total  conversion  to  digital  ATC  operations  is  not  attainable 
within  the  period  of  interest,  the  IPC/ATC  VHF  communications  system  concept 
is  based  on  the  near-term  con^letion  of  a partial  ATC  data  link.  It  is 
assumed  that  ATC  tactical  data  have  been  digitized  amd  implemented  in  the 
format  discussed,  with  the  eventual  goal  of  including  ATC  record.  Recipients 
of  ATC  tactical  and  IPC  digital  traffic  will  consist  of  the  following  avia- 
tion populations: 

• All  commercial  aviation  air  carriers 

• All  MAC  aircraft 

• All  general  aviation  aircraft  in  a Group  1 TCA 

• 15%  of  all  remaining  general  aviation  aircraft 

This  distribution  is  equivalent  to  that  shown  in  Chapter  Four  (Table  4-3) 
for  IPC  avionics  capability. 

5.  IPC  USING  AN  ATC  TACTICAL  VHF  DATA  LINK 

The  priority  ordering,  message  lengths,  and  arrival  rates  of  traffic 
on  the  IPC/ATC  tactical  data  link  are  summarized  in  Table  A-4.  The  current 
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ATC  system  operates  on  VHF  frequencies  distributed  on  the  basis  of  geograph- 
ical location  and  current  aircraft  flight  status.  The  implementation  of 
digital  communications  would  tend  either  toward  initiating  a number  of 
frequencies,  each  handling  large  geographic  segments  of  the  national  air- 
space, or  toward  maintaining  separate  frequencies  for  control  of  aircraft  in 
various  flight  operations,  e.g.,  terminal  or  en  route  areas.  Tcd^le  A-4  ex- 
emplifies these  possibilities  by  identifying  two  message-arrival  rates  for 
ATC  tactical  communications  that  are  dependent  on  flight  status. 


Table 

A-4.  IPC/ATC  TACTICAL  DATA  LINK  VARIABLES 

Message  Type 

Priority 

Message  Length 
(Bits) 

Mean  Arrival  Rate 
(Messages  per  Aircraft 
per  Minute 

Uplink  IPC 

1 (highest) 

184 

See  Figure  4-3  in  Chapter  Four 

Uplink  ATC  Tactical 

2 

216 

0.60 

0.40 

Downlink  IPC 

3 

184 

Equivalent  to  uplink  rate 

Downlink  ATC  Tactical 

4 (lowest) 

168-216 

0.60 

0.40 

The  mean  arrival  rate  of  0.60  corresponds  to  the  high  rate  of  communica- 
tions traffic  found  in  terminal  areas.  This  message  rate  will  be  used  in 
conjunction  with  an  equipment  factor  of  1 to  simulate  the  maximum  conversion 
to  digital  IPC  and  ATC  communications  within  an  area.  The  ATC  tactical- 
message-arrival  rate  of  0.40  message  per  aircraft  per  minute  will  be  associ- 
ated with  the  65  percent  equipment  factor  to  simulate  the  probable  avionics 
sophistication  of  the  aviation  community  of  the  entire  Los  Angeles  Basin. 

6.  APPLICATION  OF  ANALYTICAL  MODEL 

The  system  channel-capacity  model  was  used  with  Table  A-4  as  input  for 
the  message-arrival  rates,  message  lengths,  and  priorities.  The  model  was 
exercised  twice  to  measure  the  impact  of  having  100  percent  of  the  aircraft 
equipped  for  IPC  and  ATC  tactical  communications  versus  65  percent  of  the 
aircraft  so  equipped.  The  results  of  the  model  exercise  are  exhibited  in 
Figures  A-3  through  A-5.  As  in  Chapter  Four,  the  graphs  represent  total 
channel  utilization  and  IPC  uplink  channel  delay  time  (for  99  percent  of 
the  generated  messages)  for  each  parameter  set  of  Table  4-5. 

A brief  qualitative  investigation  of  the  figures  shows  the  impractical- 
ity  of  the  concept  of  handling  large  segments  of  airspace  by  a single  VHF 
frequency  for  IPC/ATC  data.  Further  analysis  beyond  the  scope  of  this 
study  would  have  to  be  conducted  to  determine  the  capability  of  a flight- 
status  multi- frequency  IPC/ATC  network.  This  analysis  would  concentrate 
on  current  and  probeible  future  procedures  for  flight-status  handling,  the 
requirements  imposed  on  ground  facilities  for  tracking  and  correlating 
surveillance  data  with  the  appropriate  frequency,  and  the  prob6d3le  maximum 
aircraft  densities  that  a frequency  should  be  capable  of  handling. 
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Figure  A~3.  CHANNEL  UTILIZATION  AND  DELAY  OF  IPC/ATC  TACTICAL 
DATA  LINK  (PARAMETER  SET  A) 
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APPENDIX  B 


SYSTEM  CHANNEL-CAPACITY  MODEL 


The  system  channel  capacity  of  an  IPC  VHP  data  link  is  a function  of 
many  variables.  This  appendix  identifies  the  predominant  factors  and  in- 
corporates them  in  a model  of  IPC  VHP  data  link  operations. 

The  following  variables  are  considered; 

N “ total  number  of  aircraft  in  the  area 

j - a set  of  values  representing  the  priority  and  type  of 
message  traffic  on  the  data  link  (j=l  is  the  highest- 
prior  ity  message  class) 

E(j)  - mean  arrival  rate  of  message  type  j per  aircraft 
L(j)  - number  of  bits  in  message  type  j 

R - bit  rate 

The  number  and  identity  of  priority  levels  for  the  variable  j are  deter- 
mined uniquely  when  a specific  data  link  concept  is  being  considered.  The 
following  table  provides  the  transformation  of  message  type  to  numeric  for 
use  by  the  proposed  data  links: 


Priority 

IPC  Dedicated 

IPC/ACARS 

IPC/ATC 

j=l 

Uplink  IPC 

Uplink  IPC 

Uplink  IPC 

j=2 

(Downlink 

IPC) 

Uplink  ACARS 
Acknowledgment 

Uplink  ATC  Tactical 

j=3 

- 

Downlink  IPC 

Uplink  ATC  Record 

j=4 

- 

Downlink  ACARS 

Downlink  IPC 

j=5 

- 

- 

Downlink  ATC  Tactical 

j=6 

- 

- 

Downlink  ATC  Record 

Table  4-3  of  Chapter  Four  indicates  that  not  all  aircraft  in  a given 
area  will  be  utilizing  all  the  possible  VHF  data  link  communications  capa- 
bilities. To  calculate  the  total  number  of  aircraft  equipped  for  message 
type  j traffic,  it  is  assumed  that  the  percentage  of  aircraft  equipped  is 
a constant  as  the  total  number  of  aircraft,  N,  varies. 


With  IPC  traffic,  the  concern  is  not  the  number  of  aircraft  equipped 
for  IPC  but,  given  a conflict  situation  between  two  aircraft,  the  proba- 
bility that  one  or  both  of  the  aircraft  will  be  equipped  for  IPC  traffic, 
and  the  message-generation  rate  for  such  situations.  The  use  of  a hyper- 
geometric distribution  with  N as  the  total  aircraft  population,  D the  number 
of  aircraft  equipped  for  IPC,  and  a random  sample  of  n=2  aircraft,  results 
in  the  following  probability  of  having  one  or  both  aircraft  IPC-equipped: 


P(l)  + P(2) 


E 


(“)l 

fN 

1 n 

^ D[2N  - D - 1] 

1 

(") 

1 n2  - N 

(for  n = 2) 


The  result  of  this  equation  is  the  probability  of  resolving  a conflict 
situation  between  two  aircraft.  What  is  needed  now  is  the  quantity  of  com- 
munications involved  in  situations  where  fewer  than  100  percent  of  the  air- 
craft are  IPC-equipped.  Assuming  two  commands  per  aircraft  per  conflict, 
the  quantity  of  IPC  communications  is  calculated  as  follows: 

If 

p(l)  = probability  of  one  aircraft  being  IPC-equipped  out  of  two  in 
conflict  (calculated  from  the  hypergeometric  distribution) 

p(2)  = probability  of  both  aircraft  in  conflict  being  IPC-equipped 
(by  use  of  hypergeometric  distribution) 

C = number  of  conflicts  per  minute  per  aircraft 

then  the  average  total  channel  message-arrival  rate  for  IPC  commands,  A(l), 
can  be  computed  by  accounting  for  two  commands  when  only  one  aircraft  is 
equipped  or  four  commands  when  both  are  equipped,  i.e., 

A(l)  = [4p(2)  + 2p(l)]  CN 

Figure  4-3  of  Chapter  Four  provides  a mean  arrival  rate  of  IPC  commands 
given  that  all  aircraft  are  IPC-equipped.  This  arrival  rate,  E(l),  is 
related  to  the  conflict  rate,  C,  by  the  equation 

E(l)  = 4C  or,  equivalently,  C = E(l)/4 

Substituting  for  C in  terms  of  E(l)  in  the  equation  for  A(l)  yields 

A(l)  = (p(2)  + E(1)N 

Therefore,  the  factor  that  relates  the  level  of  IPC-equipped  aircraft  to  the 
quantity  of  IPC  communications  is 
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T 


Factors  regulating  the  number  of  j type  communications  being  generated 
for  various  levels  of  avionics  capability  and  total  number  of  area  aircraft 
are  represented  by  the  variable  N(j).  The  following  table  indicates  the 
values  of  N(j)  as  determined  by  the  avionics  capability  and  distribution  of 
traffic  described  in  Section  4.1  of  Chapter  Four. 


Equipped  Aircraft  as  a 
Percentage  of  Total  Population 

Communications  Factor,  N(j) 

I PC 

100 

N(l)  = 1.000 

65 

N(l)  = 0.649 

45 

N(l)  = 0.457 

13 

N(l)  = 0.129 

r 

) 

N(2)  = 0.047 

ACARS 

13  (maximum) 

N(2)  = N(4)  = 0.130 

5 (minimum) 

N(2)  = N(4)  = 0.050 

It  is  now  possible  to  calculate  the  parameters  of  class  j traffic  on 
the  channel  as  follows: 

A(j)  =NNf1  E(j),  mean  message-arrival  rate  for  the  channel 


and 


t(j)  = L(j)/R,  mean  transmission  time 
This  implies  that  the  total  channel  mean  message-arrival  rate  is  given  by 


m 


where  m equals  the  numeric  equivalent  of  the  lowest-priority  message  type 
for  the  scenario  being  analyzed.  Inherent  in  the  VHF  data  link  are  propa- 
gation and  processing-time  delays.  Propagation  delays  are  assumed  to  be 
small  enough  to  be  neglected.  Processing  times  are  functions  of  the  equip- 
ment and  are  analyzed  from  the  viewpoints  of  the  avionics  and  ground  facili- 
ties. Avionic  equipment  is  influenced  by  the  carrier  rise  time  (CRT)  of  the 
ground  transmitter  and  the  automatic  gain  control  (AGC)  settling  time  of  the 
aircraft  receiver.  This  processing  or  delay  time  affects  the  uplink  message 
service  time  and  is  identified  by  the  variable  d;^.  Downlink  message  delays 
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are  caused  by  carrier  rise  time  of  the  avionic  equipment  and  ground  receiver 
AGC  settling  time;  this  processing  time  is  identified  by  the  variable  dg. 
Section  3.5  of  Chapter  Three  provides  the  equipment  characteristics  for 
calculating  these  delay  times  for  the  spectrum  of  existing  equipments. 


Equipment 

Characteristics 

Delays  of  Equipment 

Ground 

(ms) 

Avionics 

(ms) 

Total 

(Seconds) 

Low  Performance 

Ground  to  Air 

CRT  50 

AGC  100 

(1 

o 

Air  to  Ground 

AGC  50 

CRT  50 

dc  = 0.1 

High  Performance 

Ground  to  Air 

CRT  25 

AGC  50 

= 0 . 08 

Air  to  Ground 

AGC  25 

CRT  25 

dg  = 0.05 

Processing  times  in  the  equations  to  be  developed  will  be  represented  by 
the  step  function  p(j)  defined  to  have  the  following  properties: 

d^  I for  j = uplink  message 

P(j)  = 

dg  ( for  j = downlink  message 

E|ts.j  , the  mean  service  time  for  message  type  j,  is  defined  as  the  sum  of 
tranimitting  time,  t(j),  and  processing  time,  p(j),  which  results  in  the 
mean  service  time  of  the  system 


E(ts) 


m 


j=l 


From  these  two  results,  the  fractional  channel  utilization  due  to  priority 
j messages  and  the  total  chamnel  utilization  are  calculated  as: 

Pj  = A(j)  E(ts^j  (la) 

and 


P = 


j=l 


Pj 


(lb) 
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standard  priority  queueing  theory  techniques  (References  12  and  13)  result 
in  the  following  expressions: 

The  mean  waiting  time  for  priority  n messages  is 

E(twn)  = A E(t32)yj2[l  - (p^  + p2  + + p^.i)]  (2) 

^ [l  - (Pi  + P2  + + Pn)]) 

The  mean  number  of  priority  n messages  waiting  is 
E(wn)  = A(n)  E or,  equivalently, 

E(Wn)  = A A{n)  E (tg^)  /(2[l  - (pi  + P2  + — + Pn-l)]  (3a) 

^ " (Pl  P2  + + Pn)]  ) 

The  mean  time  an  item  spends  in  the  system  waiting  and  being  served  is 

E (t,.)  = E|twj)  + E|tsj)  (3b) 

The  second  moment  of  waiting  time  for  priority  n messages  is 


Eitwn^)  = A E(tg3)/  (3[l  - (PI  + P2+  ...  + Pn-l)]^  (4) 

X [l  - (pi  + — ~ + Pn)])+  A Eltg^)  [a(1)  E(ts^^) 
f A(2)  Ejtg^^)  + + A(n)  E(tg^2^] 

1 (2[l  - (Pi  + P2  + + Pn-l)]^  [1  - (Pi  + + Pn)]^) 

+ A E(ts2)  [a(1)  E(ts^2|  + ;^(2)  E (ts2^  ) 

+ — +A(n-1)  E(t2g^_^)]  ^ (2[l  - (pi  + — + Pn-i)]^ 

X [1  - (p^  + P2  + — + p„) 


The  second  moment  of  the  overall  waiting  time  is  then  given  by 

Mtw^)  = ^ E(t2„J  . ^ E(t2„J  . - . E (t^,^ 


( 
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From  these  second  moments  and  means,  the  standard  deviation  of  waiting  time 
for  each  priority  message  type  can  be  expressed  as 


Equations  2 through  5 are  greatly  simplified  by  the  reasonable  assumption 
of  exponential  service  times,  implying 

Ejt^s)  = 2E^(tg)  and  E(t^g)  = 6E^(tg) 

The  time  responsiveness  of  the  data  link  can  be  indicated  by  exhibiting 
the  time  necessary  to  ensure  the  delivery  of  IPC  messages  within  a certain 
probability  level.  Qualitative  examinations  support  the  use  of  a normal 
distribution  as  an  upper  bound  in  deriving  the  probable  elapsed  time  of 
ensuring  (with  .99  probability)  that  IPC  messages  have  been  serviced 
(transmitted  and  received) . 

The  normal  distribution  is  given  by 


f(x)  = 


e 


(x  - M)2/2a^ 


where  - oo  < x < “ 


implying 


P(x  < X)  = F(X) 


—00 


f (x) dx 


Given  that  P(x  £ X)  must  equal  .99,  then  to  find  the  value  of  X that  satis- 
fies this  for  all  y and  a of  the  output,  it  is  necessary  to  use  the  standard 
normal  distribution.  The  transformation  of  varicible  x to  Z , the  standard 
normal  distribution  variable,  is 


Z = 


X - y 


a 


implying 

f(Z)  = — 


f,  -7?/2 


and 

00 

f(Z)dz  = F(Z)  = P(z  < Z)  = .99 

—00 


(6) 
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By  use  of  standard  normal  distribution  tables,  the  value  of  Z for  which 
Equation  6 is  satisfied  is  2.33.  It  is  now  possible  to  substitute  into  the 
standard  normal  distribution  transformation  and  solve  for  x,  the  total 
channel  delay  time.  This  results  in  the  equation 

60  (2.33a  + p)  = X seconds 


where 


a = standard  deviation  of  waiting  time.  Equation  5 
p = total  time  waiting  and  being  served.  Equation  3b 

Tables  B-1  and  B-2  summarize  the  parameter  values  and  the  input  data 
for  the  channel-capacity  computer  model.  Figure  B-1  is  the  computer  listing 
of  the  model  developed. 
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Table  B-1.  VARIABLES  AND  PARAMETER  VALUES  FOR  THE  CHANNEL- 

CAPACITY  MODEL 

Message  Bit  Lengths 

Message  Type 

Short  Format 

Long  Format 

(+42  Overhead  Bits) 

(+168  Overhead  Bits) 

Uplink 

IPC 

13 

16 

ATC  Tactical 

N/A 

48 

ATC  Record 

N/A 

1546  (maximum  220 

characters) 

Company 

N/A 

712  (average  test) 

Tecnical 

0 

0 

Acknowledgment 

Downlink 

IPC  (Retransmission) 

13 

16 

1 

ATC  Tactical 

N/A 

8-48 

ATC  Record 

N/A 

1540  (maximum) 

Company 

N/A 

712  (average  test) 

Technical 

0 

0 

Acknowledgment 

1 Equipment  Characteristics 

Parameter  Set  A 

Bit  Rate,  R,  = 2400  bps  (144,000  bpm) 

Delay  Times:  d;^  = 

0.15  second  (0.0025  minute) 

do  = 

0.10  second  (0.0016  minute) 

Parameter  Set  B 

1 

Bit  Rate,  R,  = 4800  bps  (288,000  bpm) 

Delay  Times:  d;^  = 

0.15  second 

'ic  = 

0.10  second 

Parameter  Set  C 


Bit  Rate,  R,  = 4800  bps 

Delay  Times:  = 0.08  second  (0.0013  minute) 

dg  = 0.05  second  (0.0008  minute) 


Table  B-2.  COMPUTER  MODEL  INPUT  DATA 
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rr  07  15.  or.c-3.45. 
pPDi5P«M  IPV 

u 010 ox 

IIOIIU  PF-QGPftM  VHF  ■ I?4FIJT.  OUTPUT  > 

OOlc-0  DlUEr^tlOh  •=flc‘'«  P‘4*«  IiU'4*.  PHO‘l^>«  T'l^». 

mil  U'>  . ET  ■ !£•  . XriHiT  ■ !£:>  . XUEHi  l^■  . F'P  - 4 • 

0014H  I PRINT*  ♦ rjMH'  « NUP** 

00150  REFtii.  rmp:  .f<ijp 
0''1'?0  PRINT.  Nft»:  •. 

00170  READ.  • XNHi:  • 1 • . 1 = 1 .NMhX) 

00150  PRINT.  • LENI3TH  ♦. 
ool'io  rehIi.  ■ : ■LEr<  ■ I ■ . I = 1 . nm*h:-. ■ 

OOcOO  IF  ■f^UP.EO.  1 -IJCTO  It-’f 
ooirio  PRINT.  ♦£!.*  ♦. 

OOi-SO  REND.  -E*  I ■ . l*i:.ro.ip. 

OiU-30  U.9  r4DUM=NUP+E- 

Ooi-40  IF  •f<DUM.C.T.f<MN  .•i^DTO  i‘5 

OOi50  PRINT.  ♦ED*. 

Oo^if  o REND*  -E  • I ' . l=Nr''JM.r<MH::' 

0ii‘  70  DNTA  ■ DN  • I • . 1 = 1 . ' . 0 025 . . 0«V5 . . 0 0 1 5 • 

00280  DmTH  . D*^  ■ I • . I = l . . 001^.  . OOlt-.  . 0008 

Oo280  DNTft  • R ' I ' . I = 1 . : ■ 1441100.  . 28^000.  . 288000.  ' 

0O?0O  25  PFira.*  RE'FDN'E  ♦. 

00310  REND.  MM 
00320  ;;MR1=.0oO4 

00350  DO  2 1=1.5 

00540  PRINT. ♦R  = ♦.c-i,..*  ON  = *.Dm.I'.*  D'5  = ♦«D«5<I> 

00550  DO  5 3=1.18  {•mNi.=50*j 

O05';'0  PRINT.  ♦NNC  = ♦.NN'I 
00380  E • 1 • =Nm':  ♦ URl 

0M384  E • r<UP+  1 • =E  • 1 • 

0o5?0  IF  'MM.riE.  5H‘i'E  : ■ E 'NtjP*!  '=0. 

00410  m:ijm=ro:um=o. 

00420  do  5 L=i.r<nN:; 

00430  N 'L  ' =NNi:  ♦•  :NNC  ‘ L • *E  ■ L > 

00440  T.L*=XLEN'L  Rp 
01.(451*  XDUM=DN  ' I ‘ 

00480  IF  •L.i5T.ro.ip':.Dt.'N=D'5‘ I • 

00470  prL*=:'DUM 
0**480  ET  - L ’ =T  - L • ♦R*L  ' 

00480  RHO  • L * =M  • L ■ ♦ET  ■ L • iRD:MM=ROt»-'N+PHD  • L • 

00500  5 N:>*M=N‘UM+H'L  ' 

00510  IF'Rn:*JN  .*5T.  I.'UQTO  22 
0*3520  et'.ijm=rd!mm  n:um 

00550  RRiriT,*  TDTNL  FN*;iLITV  l.iT  IL I7NT I DN  = ♦.RO^UM 
00540  PRINT  178 

00550  17m  FDRMNT  • 7HME J I NuE * 2X . 1 1 MUT I L I ZNT I ON . 2X. NHMENN  MNIT.2X. 

r;n:*580*7HMENN  NQ.2::.8HTQT  T I ME.-2^:.  TH^TD  DEV.  2X.  fe-H*:  H DEL* 

00570  DO  8 L=1.NNN: 

OO'.S  0 ■D>-'N=i'tDijM= 

005  =»0  DO  7 II  = 1.L 

0080*.*  MDUM=Nr'UM-*-N  • I 1 '•  ♦ET  ■ I I ■ ♦ET  • II  • 
i.H'ilO  7 • DUM='  DUM+RHD'II' 

00^20  :DUN=1.iDi.iM-N'L  ‘ ♦ET  • L ‘ ♦ET  'L  • 

0085*1  I'DUM*  ;DUM-RHO  ■ L ' 

00':.4II  2DUM=  ■ 1 -■(  DUN  • ♦ • 1 -XD*JN  • 

0*3850  ET*ii=N:un*ET5MM*ET'5UM  ZDUH 
008m0  ETM*N • L • ♦ETM 
oo^ro  eT*''=ETi.i-fET -L  ■ 

0*3880  ETNi=2*M  ;ijN*ET;UM*ET:*JM*ET:i*M  ■ ^ZDiJM*  ' 1 -VDUM  • ' 

00880  ETW-i=eTu:.+.2*8-3UM*ET'5UM*ET‘:UT’»''*D“N  • ZDUM*ZDNM  • 

ooro*"*  ETW3=ETm:  t-2*M:UM*ET8lJM*ET:ijM*t  DUM  <ZDUM*  ■ l-'i  DUM  ' ♦ < 1-YDUM' ) 

*.*0710  STD»:*''RT  ■ ETMt-ETM»ETi.*' 

00715  CDT=80*' • 2. 55* r TD' ♦£ TO ' 

*.i072''i  8 PRINT  1 OO.L.RHD'L  ' . ETM.  FTN.  ETO.  :td.*:DT 

Mi;*7?0  1 00  FORNNT  '5'-.  I 5.  7X.  F8. 4.  F8.  4.  1 X*  F8. 4 . 2X.  F8. 4.  1X»F8. 4.  IX»  FS.  4) 

0074*.*  22  CONTirHOE 

0078*''  5 *rONTINUE 

00770  2 CONTINUE 

00780  PRINT.  ♦NNOTHER  CN:E*. 

00780  REND.  NB 
0*3800  If.rf.EO.  5H3'Er 'tT'OTOl 
00810  STOP 
00820  Eru* 

008508 
REND’.  . 


Figure  B-1.  COMPUTER  LISTING  OF  CHANNEL-CAPACITY  MODEL 
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APPENDIX  C 


METHODOLOGY  FOR  APPROXIMATING  CHANNEL  UTILIZATIONS  AND 
DELAY  TIMES  FOR  ALTITUDE-BANDED  IPC  FREQUENCIES 


This  appendix  describes  the  methodology  for  approximating  the  inprove- 
ment  in  system  channel  capacity  due  to  assignments  of  VHF  frequencies  to 
various  serial  flight  levels.  Precise  capacity  calculations  of  these 
channels  would  involve  determining  discrete  altitude  bands,  amount  of 
overlapping  coverage,  and  expected  nationwide  and  local  aircraft  densities, 
in  addition  to  calculating  the  rate  of  generation  of  conflict  situations. 
Since  such  effort  is  not  pertinent  to  the  objectives  of  the  contract,  an 
approach  was  developed  for  approximating  the  reduction  in  channel  utiliza- 
tion and  delay  times.  The  major  assumption  involved  in  this  methodology 
is  that  it  is  possible  to  represent  the  communications  load  involved  in  an 
altitude  band  from  the  available  data  representing  the  total  Los  Angeles 
Basin. 

For  a given  aircraft  population,  the  total  number  of  conflict  situations 
in  an  area  will  remain  constant  regardless  of  whether  the  IPC  commands  are 
transmitted  over  a one-frequency  system  or  a system  conprising  a set  of 
altitude-banded  frequencies.  Therefore,  in  the  implementation  of  an 
altitude-banded- frequency  system,  it  will  be  necessary  to  optimize  the 
system  to  deal  with  the  following  two  constraints: 

1.  Minimizing  the  channel  utilization  and  delay  times  of  each  frequency 

2.  Determining  altitude  bands  that  are  realistic  for  national  use 

The  first  constraint  is  satisfied  by  having  each  of  the  four  frequencies 
handle  a maximum  of  30  percent  of  the  total  IPC  communications  traffic  — 

25  percent  of  the  conflict-resolution  communications  plus  an  additional 
5 percent  of  redundant  communications  due  to  overlap  in  coverage.  This 
division  of  workload  is  obtained  by  a nonuniform  allocation  of  MSL  flight 
levels  to  the  four  frequencies.  In  many  cases  the  resulting  flight- level 
allocation  will  yield  a division  of  the  low  altitudes  into  a set  of  narrow 
altitude  bands.  The  total  coverage  (above  MSL)  of  these  low-altitude 
frequencies  will  be  very  limited  because  of  topology.  The  strict  minimiza- 
tion of  communications  load,  then,  does  not  satisfy  the  second  constraint 
at  low  altitudes.  To  satisfy  both  constraints  in  this  area,  it  is  necessary 
to  raise  the  percentage  of  communications  load  allocated  to  a frequency.  A 
maximum  communications  load  of  75  percent  is  proposed  for  low-altitude 
bands . 
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The  bounds  of  30  percent  and  75  percent  of  the  total  communications 
load  can  easily  be  located  on  the  channel-utilization  curves  of  Chapter 
Four,  Section  4.5,  by  the  equations 

30%  traffic  load  = 0. 30pi00% (^00) 


75%  traffic  load  = 0. 75pioO% ^®00) 


where  Pioo%(®00)  represents  the  channel  utilization  of  800  aircraft  all 
IPC-equipped.  These  points  are  located  below  the  Pioo%  curve  and  on  the 
line  N=800.  To  arrive  at  approximate  channel  delay  times,  it  is  necessary 
to  correlate  the  30  percent  and  75  percent  utilization  points  to  an 
"effective  number  of  aircraft".  This  is  done  by  projecting  the  30  percent 
and  75  percent  utilization  points  horizontally  until  they  intersect  the  P100% 
curve,  and  then  determining  the  "effective  number  of  aircraft"  by  projecting 
these  points  vertically  to  the  horizontal  axis.  It  should  be  noted  that  the 
"effective  number  of  aircraft"  figures  do  not  necessarily  equal  the  number 
of  aircraft  in  the  channel.  The  "effective  numbers  of  aircraft"  are  used 
to  locate  an  approximate  expected-delay-time  range  of  operation.  This 
process  is  indicated  on  Figure  C-1,  a reproduction  of  Figure  4-4  from 
Chapter  Four.  It  shows  that  altitude  banding  will  result  in  probable 
operating  regions  of  30  ^P£_  0.75  for  channel  utilization  and  0.90  ^p  <3 
seconds  for  channel  delay  times.  These  maximum  operating  regions  still 
violate  the  desired  communications  characteristics  of  Section  4.4. 

This  method  of  approximating  utilization  and  delay  times  for  the 
altitude-banding  concept  can  be  used  to  show  that  the  equipment  and  data 
link  characteristics  represented  by  Figures  4-5  and  4-7  are  adequate  to 
provide  IPC  service  within  desired  communications  system  operation.  Figures 
C-2  and  C-3  indicate  the  probable  operating  regions  of  the  one-way  and 
duplex  dedicated  IPC  link  for  parameter  sets  B and  A,  respectively. 
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Figure  C-1 . CHANNEL  UTILIZATION  AND  DELAY  OF  DEDICATED  IFC  ONE-WAY  DATA  LINK 
(PARAMETER  SET  A) 
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LOGIC  SCHEMATIC  DIAGRAMS 


This  appendix  presents  the  schematic  diagrams  of  equipments  used  in 
support  of  the  two  IPC  concepts.  It  is  divided  into  three  sections: 

D-1  - IPC  Using  Dedicated  VHP  Data  Link 

D-2  - IPC  Using  ACARS  Data  Link 

D-3  - IPC  Using  Mini-ACARS  Data  Link 
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CIRCUIT  DIAGRAM  APPLICATIONS  AS  A FUNCTION  OF  IMPLEMENTATION  OPTIONS 


Schematic 


Baseband  Demodulator 
(Figure  D-1) 


Options 


Single- 
Channel 
Uplink  Only 


Single 

Channel 

Duplex 


Multi- 
Channel 
Uplink  Only 


Multi- 

channel 

Duplex 


X 


X 


X 


X 


Baseband  Modulator 
(Figure  D-2) 


X 


X 


Baseband  Modulator 
Timing  Diagreun 
(Figure  D-3) 

Altitude  Discriminator 
(Figure  D-4) 

Timing  and  Control 
Circuits  (Figure  D-5) 

Timing  Diagram 
(Figure  D-6) 

Pre-Key,  Aircraft 
Identity  Detection, 
and  Counter  Enabling 
Circuits  (Figure  D-7) 


X 

X 

X 


Block  Check  Sequence 
Generator  (Figure  D-8) 


X 


X 


X 


IPC  Display  Logic 
and  Lamp  Driver 
Circuits  (Figure  D-9) 


X 


X 


X 


X 


X 

X 

X 

X 


( 


u 


o 


o o 
o <^> 


D-S 


j 

I 

I 


Waveform  Name  Waveform  Shape  Comments 


Figure  D-3.  DFSK  BASEBAND  MODULATOR  TIMING  DIAGRAM 
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Figure  D-4.  ALTITUDE  DISCRIMINATOR 


Figure 
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Figure  D-9.  IPC  DISPLAY  LOGIC  AND  LAMP  DRIVER  CIRCUITS 


RECEIVER  SISNAL 

ELEMENT  TIMINS 


Figure  D-10.  TIMING  AND  DECODING  LOGIC  DIAGRAM 


Figure  D-11.  DOWNLINK  MESSAGE  ENCODING  LOGIC  DIAGRAM 


Figure  D-12.  CONTROL  LOGIC  DIAGRAM 
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IPC  USING  MINI-ACARS  DATA  LINK 
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Figure  D~14.  PRE-KEY  AND  BIT  SYNC  DETECTOR  LOGIC  DIAGRAM 
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Figure  D-17.  BUXK  CHECK  SEQUENCE  GENERATOR  AND  AIRCRAFT  ADDRESS  ENCODING  LOGIC  DIAGRAM 
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SYSTEM  PARTS  LISTS  AND 
COST-DEVELOPMENT  DATA  SHEETS 


This  appendix  contains  the  worksheets  used  to  develop  costs  of  modules 
and  systems  employed  in  the  various  concepts  and  options.  Theje  costs  were 
the  basis  for  the  calculations  presented  in  the  body  of  the  report.  The 
sheets  are  grouped  by  system  configuration  in  the  eleven  sections  of  this 
appendix: 

Page 

E-1  - IPC  Using  a Dedicated  VHF  Data  Link,  Single  Channel,  Uplink 

Only,  High  Performance E-3 

E-2  - IPC  Using  a Dedicated  VHF  Data  Link,  Multi-Channel, 

(Altitude  Discriminating) , Uplink  Only,  High  Performance  . . E-15 

E-3  - IPC  Using  a Dedicated  VHF  Data  Link,  Single  Channel 

Duplex,  High  Performance  E-29 

E-4  - IPC  Using  a Dedicated  VHF  Data  Link,  Multi-Channel 

(Altitude  Discriminating)  Duplex,  High  Performance  E-43 

E-5  - IPC  Using  a Dedicated  VHF  Data  Link,  Single  Channel, 

Uplink  Only,  Low  Performance  E-59 

E-6  - IPC  Using  a Dedicated  VHF  Data  Link,  Multi-Channel 

(Altitude  Discriminating) , Uplink  Only,  Low  Performance  . . E-67 

E-7  - IPC  Using  a Dedicated  VHF  Data  Link,  Single  Channel 

Duplex,  Low  Performance  E-75 

E-8  - IPC  Using  a Dedicated  VHF  Data  Link,  Multi-Channel 

(Altitude  Discriminating)  Duplex,  Low  Performance  E-83 

E-9  - IPC  Command  Indicator,  High  Performance E-93 

E-10  - IPC  Using  the  ACARS  Data  Link,  High  Performance E-97 

E-11  - IPC  Using  the  ACARS  Data  Link,  Low  Performance E-105 
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IPC  USING  A DEDICATED  VHP  DATA  LINK,  i 

SINGLE  CHANNEL,  UPLINK  ONLY,  ! 

HIGH  PERFORMANCE 

1 


I 


\ 


••7 


HfflOSOlIO  PAGE  BLAMUMOT  niiiE0 


i 

I 


E-3 


SUB-ASSEMBLY  TF  CouDle 


E-6 


Totals 


38.78 


E-12 


Totals  81.41  546  1200 


Totals 


I 

I 
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IPC  USING  A DEDICATED  VHF  DATA  LINK, 
MULTI-CHANNEL  (ALTITUDE  DISCRIMINATING) , UPLINK  ONLY, 
HIGH  PERFORMANCE 


E-15 


TOTALS  11.99 


lABOR  HOURS  PER  1000  UNITS  UNIT  TOTAL 


TOTALS  . 7.29  120 


TOTALS  38.66 


TOTALS  49.91 


TOTALS  2.65 
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IPC  USING  A DEDICATED  VHF  DATA  LINK, 
SINGLE  CHANNEL  DUPLEX, 

HIGH  PERFORMANCE 


maEDlMO  PAGK  BUHIUWOT  nii«8 


E-29 


TOTALS 


TOTALS  11.99 


TOTALS  7.29  120 


(continued) 
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SYSTEM  VHF/IPC  Duplex  System-4  Channel 
SUB-ASSEMBLY  Logic  #1 


TOTALS  149.14  546  1586 


SYSTEM  VHF/IPC  Duplex  System 


3725 


AO-A05S  ««»<» 


JNCLASSXFXEO 


3»=3 

»8»M44 


ARINC  RESEARCH  CORP  ANNAPOLIS  NO 


8 -78 
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I 

I 

IIPC  USING  A DEDICATED  VHP  DATA  LINK, 

MULTI-CHANNEL  (ALTITUDE  DISCRIMINATING)  DUPLEX, 
HIGH  PERFORMANCE 


T 

f 

J 


I 

I 

I 

! 

I 


E-43 


HOURS  PER  1000  UNITS  UNIT 


2.65 


531  X 

11.99  90  = 797 


471 


1318 


1131 


3825 


I 
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IPC  USING  A DEDICATED  VHP  DATA  LINK, 
SINGLE  CHANNEL,  UPLINK  ONLY 
LOS  PERFORMANCE, 


VI' ' 


HOCiEDlNa  HOIK  BUNK-MOT 


E-59 


LABOR  HOURS  PER  1000  UNITS 


1217 


12.42  340  3140 
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IPC  USING  A DEDICATED  VHP  DATA  LINK, 
MULTI-CHANNEL  (ALTI  UDE  DISCRIMINATING),  UPLINK  ONLY, 
J,OW  PERFORMANCE 


^ ffOKEDINO  Pifll  BUIBUMOT 


E-67 


1102 


TOTALS  25.18  333 


I 


> 
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IPC  USING  A DEDICATED  VHF  DATA  LINK, 
SINGLE  CHANNEL  DUPLEX, 

LOW  PERFORMANCE 


E-75 


Totals  55.87  333  1199 


I 
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IPC  USING  A DEDICATED  VHF  DATA  LINK, 
MULTI-CHANNEL  (ALTITUDE  DISCRIMINATING)  DUPLEX, 
LOW  PERFORMANCE 


i 


( 

I 


E-83 


SYSTEM VHF/IPC-4  Channel  Duplex-GA 


TOTALS  20.32  340  4125 
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I 

I 
I 

f 

1 

IPC  a)MMAND  INDICATOR, 
HIGH  PERFORMANCE 


! 

iiPPENDIX  E-10 

:IPC  USING  THE  ACARS  DATA  LINK, 
HIGH  PERFORMANCE 


904  X 

61.04  333  = 1356 


35.48  546  755 
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E-108 


14.47  331  601 
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